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FOREWORD

This report documents Phase A, Part II of An Analytical and Conceptual De-
sign Study for an Earth Coverage Infrared Horizon Definition Study performed
under National .Aeronautic_ and Space Administration Contract NAS 1-6010
for Langley Research Center.

The Horizon Definition Study was performed in two parts. Part I, which was
previously documented, provided for delineation of the experimental data re-
quired to define the infrared horizon on a global basis for all temporal and
spatial periods. Once defined, the capabilities of a number of flight tech-
niques to collect the experimental data were evaluated.

The Part II portion of the study provides a measurement program plan which
satisfies the data requirements established in the Part I study. Design re-
quirements and the conceptual design for feasibility of the flight payload and
associated subsystems to implement the required data collection task are
established and documented within this study effort.

Honeywell Inc. Systems and Research Division performed this study pro-
gram under the technical direction of Mr. L.G. Larson. The program was
conducted from 28 March 1966 to 10 October 1966 (Part I) and from 10

October 1966 to 29 May 1967 (Part II).

Gratitude is extended to NASA Langley Research Center for their technical
guidance, under the program technical direction of Messrs. L. S. Keafer
and J. A. Dodgen with direct assistance from Messrs. W. C. Dixon, Jr.,
E. C. Foudriat, H. J. Curfman, Jr., K. Crumbly, and J. Daniel, as well
as the many people within their organization.
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ORBITAL OPERATIONSAND ANALYSIS
FOR A 15-MICRONHORIZONRADIANCE

MEASUREMENTEXPERIMENT

By William F. Vogelzang
James J. Baltes
David K. Scharmack

SUMMARY

The orbital operations and analysis documentedin this report consisted of
the evaluation of orbit and orbit-related parameters, an evaluation of
accuracy of spacecraft position determination, a preliminary tracking and
data acquisition plan, and the conceptionaldesign of an attitude determination
system. The purpose of these studies was to assure compatibility between
the mission requirements, the spacecraft, and the ground stations associated
with tracking and data acquisition. The analysis and interpretation of results
associated with these studies are presented.

It was determined that a nominally circular, 500-kin altitude, sun-
synchronous orbit (97.38°) with initial ascending node at 3:00 p.m. local
time, and launch date of 28 October meets the experiment and system require-
ments for the mission. The Western Test Range (WTR) should be used for

the launch site and a 2-stage Improved Delta vehicle should be used to
achieve adequate injection accuracy. The S-band Range]Range-Rate system
should be used to obtain the raw tracking data. The vhf STADAN telemetry
command links should be used as primary links since the best telemetry
coverage can be obtained by using stations with the vhf capability. The
Range and Range-Rate S-band system is recommended as a back-up link.
The tone-digital command system is recommended since it can handle the
type and quantity of commands required while resulting in minimum space-
craft equipment complexity. A starmapper and attitude determination con-
cept was developed capable of determining the pointing direction of the
spacecraft radiometer to an accuracy of 0.25 km in tangent height at the
earth I s horizon.



INTRODUCTION

The orbital operations studies and analyses documentedherein are a portion
of the Horizon Definition Study(HDS)conductedfor NASA Langley Research
Center, Contract NAS 1-6010, Phase A Part II. The purpose of the Horizon
Definition Study is to develop a complete horizon radiance profile measure-
ment program to provide data for use by the scientific and engineering
communities in the design of instruments and measurement systems which
use the earth's horizon as a reference.

Part I of the HDS resulted in the following significant contributions to the
definition of the earth's radiance in the infrared spectrum:

The accumulation of a significant body of meteorlogical
data covering a major portion of the Northern Hemisphere.

Computation of a large body of synthesized horizon
radiance profiles from actual temperature profiles
obtained by rocket soundings.

Generation of a very accurate analytical model and
computer program for converting the temperature
profiles to infrared horizon profiles (as a function
of altitude).

An initial definition of the quantity, quality, and

sampling methodology required to define the earth's

infrared horizon in the CO 2 absorption band for all

temporal and spatial conditions.

An evaluation of the cost and mission success

probabilities of a series of flight techniques which
could be used to gather the radiance data. A

rolling wheel spacecraft was selected in a nominal
500-km polar orbit.

The Part II study effort was directed toward the development of a conceptually
feasible measurement system, which includes a spacecraft to accomplish the
measurement program developed in Part I. In the Part II HDS, a number of
scientific and engineering disciplines were exercised simultaneously to con-
ceptually design the required system. Accomplishments of Part II of the
study are listed below:

The scientific experimenter refined the sampling
methodology used by the measurement system. This
portion of the study recommends the accumulation of
approximately 380 000 radiance profiles taken with a
sampling rate that varies with the spacecraft's latitudinal
position.



A conceptual design was defined for a radiometer
capable of resolving the earth's radiance in the

2
15--micronspectrum to 0.01 watt/meter -steradian
with an upper level of responseof 7.0 watt/meter 2-
steradian.

A starmapper and attitude determination technique
were defined capableof determining the pointing
direction of the spacecraft radiometer to an accuracy
of 0.25 km in tangent height at the earth's horizon.
The combination of the radiometer and starmapper
instruments is defined as the mission experiment
package.

A solar cell-battery electrical power subsystem conceptual
design was definedwhich is completely compatible with the
orbital and experiment constraints. This system is
capable of delivering 70 watts of continuous electrical
power for one year in the sun-synchronous, 3 o'clock
nodal crossing, 500-kmorbit.

A data handling subsystemconceptualdesign was defined
which is capableof processing in digital form all cientific
and status data from the spacecraft. This subsystem
is completely solid state and is designedto store the
515455 bits of digital information obtained in one
orbit of the earth. This subsystemalso includes
commandverification and executelogic.

A communications subsystemconceptual design was
defined to interface between the data handling system of the
spacecraft and the STADANnetwork. The 136 MHz
band is used for primary data transmission and S
band is used for the range andrange-rate transponder.

A spacecraft structural conceptwas evolved to
contain, align, andprotect the spaceborne sub-
systems within their prescribed environmental
constraints. The spacecraft is compatible with
the Thor-Delta launch vehicle.

An openloop, ground-commandedattitude control
subsystem conceptual designwasdefined utilizing
primarily magnetic torquing which interacts with the
earth's field as the forcje for correcting attitude and
spin rates.

The Thor-Delta booster, which provides low cost
and adequatecapability, was selected from the 1972
NASA"stable".



Western Test Rangewas selected as the launch site due
to polar orbit requirements. This site has adequate
facilities except for minor modifications to handle the
program and is compatible with the polar orbital
requirements.

This report contains documentation of the areas of study not directly related
to ,L ........... _ .....LL_CuU*_t;_p_U_ti design of the venlcle DUt are directly related to orbit
characteristics and orbit operations. The studies documented herein are:

• Mission Profile

• Vehicle Position Determination

• Data Acquisition

• Attitude Determination

The objectives of these studies are as follows:

To identify the characteristics and environmental
factors associated with the orbits of interest and to

select that orbit which best meets the mission goals.

To establish positional accuracy requirements and
to evaluate on a preliminary basis the accuracy with
which the geocentric position of the spacecraft can
be determined.

To define, from systems requirements and feasible
subsystem concepts, a data acquisition concept which
utilizes with little or no modification the Goddard

space tracking and data acquisition network.

To establish spacecraft attitude accuracy requirements
and to evolve a preliminary design concept which will
meet the accuracy, operational, and environmental
requirements of the spacecraft.

The detailed studies performed to meet these objectives are presented in the
four major sections of this report corresponding to the four areas of study
listed above.



MISSIONPROFILE

INTRODUCTION AND OBJECTIVES

The mission profile study was concerned with the evaluation of orbit and
orbit-related parameters pertinent to the experiment effectiveness, system
design, or mission operations planning. This study is actually an extension
of the Phase A, Part I flight techniques analysis. Computerized mathemati-
cal modeling was used to a great extent in performing this analysis. This
automation enabled a more precise analysis to be made, greatly extended the
number of parameters and range of parameter variations possible, and made
generalized models available for rapid study of new orbits and/or parameters
which were needed as the system study progressed. Highly accurate trajec-
tory simulations were not required in this study; rather the emphasis was
on parametric evaluation of the variables pertinent to the mission planning
and systems design. Although there was considerable overlap and reiteration,
the mission profile study was essentially conducted in three phases:

Parametric investigations. In this phase, the objective

was to examine the orbits feasible from an experiment
point-of-view in order to assess the effects on the

system and mission. During this phase, no attempt
was made to narrow the selection of possible orbits.

Orbit selection. In this phase, those orbits which
appeared to best meet the mission goals and yield
possible solutions to system design problems were
examined in more detail. Analysis of deviations
from nominal orbits and their effects were made.

In this phase, the 3 o'clock, sun-synchronous,
500-kin orbit was selected as the nominal HDS orbit.

Detailed analysis of selected orbit. In this phase,
exhaustive evaluations of sun-angle geometry,
tracking/telemetry coverage, drag decay, etc.,
were conducted.

These phases of the study will be covered in the following sections.



MISSION PROFILE REQUIREMENTS

The mission profile investigation was initially guided by the basic require-
ments imposed on the study, primarily the following:

• Orbit altitude will be above 150 km

Orbit will be chosen with consideration of Space
Tracking and Data Acquisition Network (STADAN)

system coverage

Orbit will be compatible with launch site and
launch vehicle

• Orbit will be near polar

• Orbit duration will be at least a year

Although the orbit altitude is explicit in the study requirements, in reality,
the orbit altitude is primarily determined by the one-year duration require-
ment as will be seen later.

STADAN utilization is imposed on the mission profile analysis as a general

requirement. Since the extent of STADAN coverage is not spelled out, it is

really a requirement on the study approach, not on the system or mission.
Because of other considerations, the orbit cannot be optimized with respect

to STADAN coverage alone. Coverage with the STADAN system, assuming
circular orbits, is primarily a function of orbit altitude and inclination.

The launch site and launch vehicle requirement relates to launch site and

booster limitations. In conjunction with requirement for a near-polar orbit,
the launch site requirement dictates a choice of Vandenberg Western Test

Range (WTR)for the launch site ifheavy payload penalties are to be avoided.
Launch facilities at WTR are available for all launch vehicles under consi-

deration such as Scout, the Delta series, Thor-Agena, and Atlas-Agena.

Compatibility of the orbit with the launch vehicle consists primarily of pay-

load-weight/orbit-parameter constraints and orbital injection error
tolerances which are suitable.

The near-polar requirement stems from the need for global coverage. The
term "near-polar" is used since the polar regions can be seen by a satellite
in orbits which are "near enough" to polar.

The orbit duration requirement reflects the need for data coverage over a
complete range of seasons. Primarily, this requirement affects the orbit
altitude choice, since orbit altitude determines the orbital decay rate.

In addition to these basic requirements, the need for consideration of diurnal
variation data was imposed on the study. This aspect has influenced the

6
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selection of alternate orbits and was a prime factor in selection of the orbit
discussed later.

PARAMETRIC INVESTIGATIONS

With the mission requirements as a guide, an analysis of several areas,
including atmospheric effects, launch site and booster constraints, solar
illumination, and telemetry/tracking coverage, was undertaken.

Atmospheric Effects on Missions

In spite of the extremely low atmospheric densities encountered at orbital

altitudes, the effects of the atmosphere are still measurable and possibly
significant below 600-km altitude. The two primary effects are reflected in
orbit lifetime and orbit determination accuracy. This section will be con-
cerned only with orbital lifetime effects. Orbit determination effects are
considered in the vehicle position section of this report.

The problem of determining orbit lifetime for elliptic orbits is somewhat
involved and has received considerable treatment in the past. For conceptual
design purposes, a circular orbit was assumed. Derivation of the basic
orbital altitude decay equation is straightforward, starting with the differen-
tial equations (in polar form) for a body in a central gravity field and
initially in a circular orbit. Neglecting periodic effects, the result is

dh/dt - (_r}l/2p (1)

(M/CDA)

where

h = orbit altitude

r = h + (earth radius)

t = time

= earth gravitational parameter

P = atmospheric density

M = spacecraft mass

C ._

D

A =

effective drag coefficient

effective frontal area



This equation was numerically integrated "in reverse" from an initial

altitude of i00 km to a final altitude of 700 km. A piecewise exponential fit
to the I.C.A.O. 1962 standard atmosphere was used. Figure 1 shows the
resulting decay profile. It should be remembered that the result is based on

a M/CDA of I00 kg/m 2 (about 20 ib per square foot) which is the current

estimated value for the HDS spacecraft. For a different M/CDA , multiply

all time values on the graph by 0.0! times _/_D a...... in kg/m 2. T.he amount of

orbital decay in a given time can be estimated by entering at the left at
initial altitude, going horizontal to the curve, then dropping to the bottom
scale. Shift to the left by the given time (corrected for any difference in

M/CDA from 100 kg/m2), go vertically up to the curve, then horizontal

to the left scale where the final altitude can be read off.

Orbit lifetime can be read from Figure 1 directly (from altitude at left to

curve, down to lifetime in days). Note that, for M/CDA = 100 kg/m 2, a one-

year life means a minimum altitude of 440 km. Because of injection errors,
atmospheric variations, and orbit determination requirements, this minimum

altitude would not be adequate. For present purposes, a 500-km altitude has
been selected. Allowing for an extreme injection error of 60 km in semi-

major axis (440 km altitude) then, still allows a one-year life, assuming

M/CDA = i00 kg/m 2. Figure 2 shows the rate of orbital altitude decay as a

function of altitude for M/CDA = i00 kg/m 2.

Launch Site, Booster Constraints

For near-polar orbits, the WTR is clearly the most advantageous site for
launching. Severe range-safety constraints in the form of ascent trajectory
"dog-legging" or plane-changing would be emposed on an Eastern Test Range
(ETR) launch. Thus, for all foreseeable HDS orbital launches, the WTR is
recommended as the one to be used.

Detailed analysis of launch vehicle performance (payload weight as a function

of orbit parameters) is being carried out in the vehicle operations area of

this study. A nominally polar, 500-km circular orbit will be assumed for

this study. The approximate payload capability of some feasible launch
vehicles from WTR for this orbit are as follows:

• Scout (1966) 260 Ib

• Scout (study) 390 ib

• DSV-3G Delta (2-stage, direct injection) 420 ib

• DSV-3G Delta (2-stage, Hohmann Transfer) 670 ib
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• DSV-3L Delta (2-stage, direct injection} 790 lb

• DSV-3E/X-258 Delta 1050 lb

• DSV-3L Delta (2-stage, Hohmann Transfer) 1210 lb

• DSV-3L/FW-4 Delta 1970 lb

The use of 2-stage versions of the Delta poses a particular advantage --
increased injection accuracy. While this is not extremely important for all
missions, it is crucial to attainment of sun-synchronous orbits such as the
selected orbit. Based on available data, an initial recommendation of the
DSV-3G or DSV-3L (two stage} Delta vehicle for the HDS mission is

indicated. The estimated injection errors for the 2-stage Delta (ref. 1)
are approximately:

Ai (inclination) 0.06 °, 1 sigma

Aa (semi-major axis) 10 n. mi. = 18.5 km, 1 sigma

Converting this to an equivalent total 3-sigma error in inclination (in terms

of effect on nodal precession rate) for a 500 kin, sun-synchronous orbit gives

_i35 = 0.266 °

This value was used in predicting possible drift of the sun-synchronous

orbit relative to the sun. A more complete error evaluation of injection
dispersions was performed by Douglas, and will be covered later.

Solar Illumination Profiles

Evaluation of solar-illumination and sun-angle profiles has been carried out

using a computer. A description of the program (SHASTA) is given in
Appendix A. With inputs consisting primarily of orbit altitude, inclination,

initial node location, and date of launch, and assuming circular orbits, the

program yields a time history of I) fraction of orbit in earth's shadow,
2) angle from sun-line to orbit-perpendicular, and 3) local sun-time at

ascending node. The program takes into account the orbital motion of the
earth, including first- and second-order eccentricity terms. It also takes
into account the first-order nodal precession of the spacecraft orbit itself.

Figures 3 through 7 are sample plots showing the shadow fraction and sun-
angle for three sun-synchronous and two polar orbits. Figures 3 through
5 are for identical orbit altitudes, inclinations, and launch dates, with only

the launch time (corresponding to nodal location} being different. These
three orbits are sun-synchronous, and the resulting difference in profiles
illustrates the strong effect of initial nodal location on this type of orbit.

Figures 6 and 7 are for identical polar orbits, one for a noon launch, the
other foz" a 6 p.m. launch, both on the same day. Although the difference

11
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in profiles is significant, the effect on spacecraft design is not significant
because of the basic cyclic character in either case.

It should be mentioned that the angles plotted in Figures 3 through 7 are
restricted to the range 0 ° to 90 ° . For the polar orbits, it should be pointed
out that, in reality, the sun moves from one side of the orbit plane to the
other. This would be obvious if the sun-line and orbit-normal were taken as

vectors rather than merely lines, in which case the angles would be from
0° to 180 ° . Later plots will show this effect.

Dozens of parameter combinations were tested, and certain generalizations
became obvious as the data was evaluated. The polar orbit always exhibits
a sun-shadow profile and sun-angle profile which places severe demands on
a "no-moving-parts" spacecraft, regardless of launch date or initial nodal

location. The sun-synchronous orbit, on the other hand, possesses clear-
cut advantages from the same viewpoint. In this case, however, launch date
and initial nodal location are both relatively significant parameters.

Telemetry-Tracking Coverage

Evaluation of the telemetry and tracking coverage using the STADAN network
was carried out using three computer programs (TECO, SICO, and PICO).
The primary inputs to these programs are orbit altitude and inclination,
minimum elevation, minimum visibility time (SICO) and (PICO) and a nodal
longitude step size. All programs assume circular orbits. TECO outputs
the visibility times for each station (maximum 15 stations) on each orbit
(ascending-node to ascending-node) for ascending node longitudes from zero
to 360 ° with a step size given by the input nodal longitude step. The
sequence of coverage which would occur in an actual flight cannot be easily
obtained from TECO output. SICO, on the other hand, generates the time
sequence which would occur on "typical orbiting days. " Each "day"
corresponds to a particular initial ascending node, starting with zero longi-
tude. New "days"are generated for increasing initial-node longitudes,
incremented by the input nodal longitude step, until the "cycle" begins to
repeat. The total output then represents a fairly comprehensive sampling of
all possible "orbiting days" which will occur in practice. PICO is used to
generate a time sequence similar to SICO, except that the sequence starts
at injection and runs continuously from that point. Such output is useful
only for a reasonably short time (days) after launch.

Study of near-polar orbits using the STADAN system does not show any
drastic variations in coverage with the various orbits. Figures 8 and 9
show TECO output for two 500-km orbits, one sun-synchronous and the other
at 70 ° inclination. The stations used are the STADAN sites equipped for
range/range-rate tracking (Alaska, Carnarvon, Rosman, Santiago, and
Tananarive). Note that the total coverage (per orbit) and maximum single-
station time (per orbit) are both plotted. The minimum elevation is I0 °.
Coverage of these two orbits changes when the set of station changes, of
course, and use of the entire STADAN system tends to reduce the differences
in coverage. Since the differences between coverage on the orbits under

17
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serious consideration were not great, tracking/telemetry coverage was not a

significant orbit-choice tradeoff parameter. A slight advantage in coverage
is obtained by using a polar orbit rather than a sun-synchronous one, but this
is overweighed by sun-angle considerations. The tracking/telemetry
coverage analysis was carried out in detail in the position determination and
data acquisition studies and is covered in those sections.

ORBIT SELECTION

Based on the parametric data and subsequent evaluation, an initial baseline
orbit was selected. The parameters of this orbit are as follows:

• Altitude 500 km

• Inclination 97.38 ° (sun-synchronous)

• Launch South from WTR
(near 6 a.m. about 28 October)

This orbit is sometimes referred to as the "twilight" or "dawn-dusk" orbit.

Figures i0 and Ii show the orbital shadow fraction and sun-line/orbit-normal
angle for this orbit. The 3-sigma curves shown correspond to the 3-sigma
inclination error of 0.266 ° mentioned earlier. The nominal curves fall
between the curves shown. The desire to obtain diurnal variation data led to
definition of a first alternate orbit, the parameters being:

• Altitude 500 km

• Inclination 70 deg

• Launch Not important
(6 a.m., 28 October assumed)

Figures 12 and 13 compare the shadow fraction and sun-line/orbit-normal
angle for the nominal baseline orbit and the first alternate (70 ° inclination)
orbit. The angles plotted in Figure 13 range from 0 ° to 180 ° , using the
vector representation rather than the line representation. This accentuates
the great difference in illumination profiles between these two orbits and
consequent differences in the magnitude of power acquisition, thermal, and

experiment shielding problems. The main motivation for the 70 ° orbit is a
"fairly" rapid precession of the orbit plane with respect to the sun while

still giving polar coverage.

Further study of expected diurnal data variations led to a second alternate
orbit which, at present, stands as the selected nominal orbit. Its parameters

are:

• Altitude 500 km

• Inclination 97.38 ° (sun-synchronous)

2O
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• Launch South from WTR
(near 3 a.m.) 28 October nominal launch date

This orbit, called the "3 o'clock sun-synchronous" orbit, will sample the
horizon near the expected diurnal extremes. The characteristics of this orbit
will be discussed in the following section.

DETAILED ANALYSIS OF SELECTED ORBIT

The potential orbital profiles were subjected to considerable analysis and
comparison. The primary areas affected were I) solar power acquisition,
2) thermal control, 3) experiment package, and 4) polar and diurnal data
coverage. After careful study, the "3 o'clock" sun-synchronous orbit was
chosen as the best compromise. In fact, this orbit appears to be the best
from the standpoint of polar and diurnal data coverage. From the point of
view of the power subsystem, this orbit is satisfactory. Although a nodal
time nearer the 6 o'clock would be preferable.

Figures 14 through 16 illustrate the sun-earth-orbit geometry as a function of
time for the 3 o'clock orbit. The 28 October launch date is used, although
this is not a requisite; effects of other launch dates will be seen later. In
each case, curves for 3-sigma fast and 3-sigma slow precession are included
with the nominal curve. These 3-sigma curves are based on the 0. 266 °
3-sigma inclination error, corresponding to use of two-stage Delta launch
vehicle. Launch window is assumed negligible in these curves. (A more
comprehensive error analysis, including updated injection dispersions and
launch window allowance, is given at the end of this section. )

Figure 14 shows the orbital shadow fraction variation. As the curves indicate,
almost a constant percentage of sun time is available with this profile.

Figure 15 shows the variation in sun-line/orbit-normal angle. Allowing for
3-sigma variations, angles from 31 ° to 65 ° are possible, although the
nominal orbit varies only from 44 ° to 57 ° . These variations have great
impact on the power subsystem problems since the power output is roughly
proportional to the cosine of this angle.

Figure 16 shows the local solar time at the ascending node versus time from
launch. The nominal orbit holds within 30 rain of 3 o'clock, while the 3-

sigma curves give variations of up to 50 min from 3 o'clock.

The detailed evaluation of STADAN system coverage of the selected orbit will
be given in the position determination and data acquisition sections. As
mentioned earlier, this data was produced by the computer programs TECO,
SICO, and PICO. These programs utilizea circular orbit model to produce
coverage profiles on either a "statistical" (independent of exact orbit para-
meters) basis (TECO, SICO) or a true time sequence basis (PICO).
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Recent simulation of the 2-stage Improved Delta launch vehicle trajectory
by Douglas Missile and Space Systems Division has resulted in specific
injection error values, the pertinent ones being:

Inclination 0.04 °, 1-sigma

Altitude 2 n. mi., 1-sigma

Velocity 12 fps, 1-sigma

Assuming the altitude and velocity effects on semi-major axis can be

statistically combined by root sum squaring, (this is probably conservative
since they are likely negatively correlated), the one-sigma inclination and

semi-major axis errors are then

Ai (1-sigma) = 0. 04 °

Aa (1-sigma) = 7. 6 km

The resultant 3-sigma precession relative to the sun for the rss effect of

these errors is then about 7.15°/yr. The inclination error which would,
itself, cause this total amount of drift is about 0. 15°. This value has been

used as a single injection dispersion to compute sun-angle variations for the
mission.

In addition to the dispersions due to injection errors, launch time will affect

the sun-angle profiles. For current purposes, a 30-minute launch window is
assumed, centered on the nominal launch time. To give conservative results,

a 15-minute early launch will be combined with 3-sigma fast precession (high

inclination) error. This accentuates sun-angle dispersion relative to the
nominal case.

It should be pointed out that the sun-angle profiles and their associated error
"envelopes" can be manipulated to some extent by adjusting launch parameters.
For instance, a delay in launch time (past approximately 3:00 a. m. ) would

normally cause the sun-angle plots to be shifted downward. By slightly
decreasing the launch azimuth, however, the sun-angle curves would be

biased upward at the right end, tending to at least partially compensate for
the launch delay. For small increments in launch time and in launch azimuth,
it can be stated that:

(1)

(2)

later launches cause a downward shift of the whole sun-angle curve
and an upward shift in the whole nodal-crossing-time curve;
vice versa for early launches

increased launch azimuths cause a downward bias at the right
end of the sun-angle curve and an upward bias at the right end
of the nodal-crossing-time curve; vice versa for decreased
launch azimuths.
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Figures 17 through 22 showthe resulting sun-angle profiles for six launch
dates, the nominal (28 October) in Figure 17.

The complement of the orbit-normal/sun-line angle is the minimum
radiometer-scan line/sun-line angle if the radiometer scans in the orbit plane.

Figure 23 shows the variation of the forward-scan/sun-line angle (at the time

of"scan-intercept-earth") with latitude of the scan point, for the "worst case"

28 October 15-minute early launch, 3-sigma slow precession orbit.

CONCLUSIONS

Based on the analyses conducted in the mission profile study, together with
the various system and experiment definition investigations, the following
conclusions have been reached:

A nominally circular, 500-km altitude, sun-synchronous
orbit (97.38 ° inclination) with initial ascending node at

3:00 p.m. local time and launch date of 28 October
meets experiment and system requirements for the
HDS mission.

The WTR should be used for the launch site and a

2-stage Improved Delta vehicle should be used to
achieve adequate injection accuracy.

A 30-minute launch window, in conjunction with the

latest Douglas estimates of 2-stage Delta 3-sigma

injection errors results in possible sun-line/orbit

normal angles between 29° and 65° by the end of a

one-year mission. The orbital shadow fraction can
vary from 0.0221 ° to 0.364 ° and the nodal crossing

local time can vary from 2:00 p.m. to 4:04 p.m.

The possibility remains to increase orbit altitude
somewhat should this become necessary to increase

orbit prediction accuracy or ensure minimal orbit

decay during the mission.

The possibility remains to change or place specific
constraints on launch date, to reduce allowable

launch window, to bias launch window centering, to

compensate for launch delay with appropriate

precession-effecting guidance corrections, or to

change the nominal launch time. These actions may
be desirable or necessary during the development

program either a) because of experiment requirements
or b) because of sun-angle considerations in the

system design.
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Tracking and telemetry coverage obtainable with the
500 kin, sun-synchronous orbit and the STADAN system

is adequate. Once-per-orbit coverage is available in

all but a very small range of the possible orbit nodal
conditions. Use of a polar orbit could eliminate the

few one-orbit "holes", but at great expense in terms

of yearly sun-angle variation and consequent system

design problems.

VEHICLE POSITION DETERMINATION

INTRODUCTION AND OBJECTIVES

Purpose of the vehicle position determination study was to evaluate, on a

preliminary basis, the accuracy with which the geocentric position of the HDS

satellite can be determined. Although tracking and orbit determination for

scientific spacecraft are routine operations, the HDS mission imposes a

requirement in accuracy well beyond the normal level. This requirement

stems from the need to determine tangent height (distance from the radio-

meter line of sight to the earth's surface) accurately. Part of this
determination data comes from on-board celestial sensors (star, sun sensors),

but without corresponding data on spacecraft geocentric position, such data

would be worthless. The goal for the position determination study was to

determine compatibility with and/or additions to, the STADAN tracking net-
work for purposes of generating sufficient racy tracking data. Based on such

compatibility, a tracking plan, consistent with HDS mission requirements,

was devised. The error analyses, tracking coverage, and the tracking plan

are discussed in the following sections.

TRACKING AND POSITION DETERMINATION REQUIREMENTS

Early in the study, an error allocation was formed for the HDS mission,
based on a tangent height accuracy of 250m. The original allocation gave
88 m in tangent height to the vehicle position error. This was later revised
to 125 m in tangent height.

For position errors of this magnitude, it is possible to use differential error
coefficients to compute the tangent height error due to position errors. The
two first-order error coefficients of most interest are those giving sensiti-
vity of tangent height to altitude error and to horizontal position error in the
direction of radiometer scan:
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5ht R E + h t

5h R E +h
(2)

where:

h t ;

h =

R E ;

S --

h_L = [h 2 - ht2 + 2 R E (h-ht) ] 1/2

5s R E + h

tangent height

spacecraft altitude

earth radius

coordinate in horizontal direction along scan azimuth

For a zero tangent height and 500-km altitude, these coefficients become:

_ht/bh = 0.93

5ht/Ss = 0.38

(2a)

The error coefficients, together with the 125-m budget, form the basic orbit
determination requirement.

Since the position of the spacecraft at most times during its flight will be
obtained by "interpolation" between tracking passes, any uncertainties
involved in the prediction process contribute to the ultimate vehicle position
error.

For the HDS vehicle it is likely that the principal sources of prediction error
would be station location error, geoid shape error, gravitational model error,
timing error, and atmospheric drag error. STADAN stations location errors
are expected to be reduced significantly in the near future. All stations are
being surveyed to determine their positions more accurately. Studies are also
underway to determine more accurately the shape of and the gravitational field
of the earth. Of these errors, only the atmospheric drag error can be altered

significantly. Atmospheric density variations caused by fluctuations in the
solar activity cause drag uncertainities. However, by changing orbital altitude,
the effect of the drag uncertainity can be altered. For instance, the mean rate

of altitude decay at various altitudes (for M/CDA = kg/m 2, estimated for the

HDS spacecraft) is:
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200km 1500m/day 400 km 32m/day

250km 470 m/day 450 km 16m/day

300km 170m/day 500 km 8 m/day

350km 69 m/day

In general, for a nominally circular orbit, the drag perturbations can be
expressedas (ref. 2):

Ah = W/CD A-K3p [2_N - sin 2_N]. (altitude)
(3)

P
Asf =

W/CDA
K N 2 - K 2 (1-cos 2_N) ] (in-track) (3a)

where:

K 1 = 3_2_

K 2 = 2_

K 3 =

earth's gravitational parameter

Q

W/CDA =

atmospheric density

ballistic parameter of spacecraft

N ----- number of revolutions of earth

The two perturbations represent the altitude (Ah) and forward in-track

(Asf) position deviations relative to a non-drag affected spacecraft starting

from matched position and velocity at N=0.

For values of N greater than a fraction of a revolution, the altitude pertur-
bation is always negative; the forward in-track perturbation is always positive.

Assuming a 125 m tangent height error allocation to orbit determination, an
allowance of 100 m will be made for tracking, timing, earth model, and
station location errors. The allowable tangent height error for drag model
uncertainties is then
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(Aht)drag = (125 2 _ 100 2 ) 1/2 = 75 m

assuming this error is uncorrelated with the others.

The tangent height perturbation due to altitude and in-track perturbations is:

Aht = bht A h + bh t As
bh 5s

(4)

where As=sf for forward scans and As=-Asf for backward scans.

This equation has been evaluated for both forward and backward scans, using

the previous expressions for Ah and Asf, with nominal altitude (giving p,

5ht/bh, and bht/5s) as a parameter, and N as the variable. Figure 24

shows the result as a function of N for altitudes of 460, 500, and 540 kin.

A value of M/CDA = i00 kg/m 2 has been used, which is approximately the

expected value for the HDS spacecraft. The tangent height perturbation given

by figure 24 is inversely proportional to M/CDA and proportional to the

density p.

It should be emphasized that Figure 24 represents the entire perturbation on
tangent height due to drag. Since drag can be included in the computational
model, this perturbation is not, in itself, an error. However, any uncer-
tainty in the drag value propagates to tangent height in value equal to the per-
centage of uncertainty times the value given by the curve.

Drag parameter excursions as much as a factor of two or three have been
observed, although, over a period of weeks. For these analyses, a maximum
"effective" uncertainty of 25 percent in the drag parameter between tracking
passes was assumed. (By "effective" is meant, for example, that drag in-
creases 25 percent just after a tracking pass, then decreases to 25 percent
below the original value halfway to the next tracking pass, so that no detec-
tion of the fluctuation is made at the second pass.) Since the maximum posi-
tion error is reached at the mid-point between tracking passes, the maximum
allowable interval between tracking passes is twice the time taken to reach
maximum tangent height error (75 m) using Figure 24 and a 25 percent
multiplier.

The results for forward scans, in terms of maximum a11owable intervals,
are

h = 460 km : i0.4 orbits or 975 min

h = 500 km : Ii.0 orbits or 1040 min

h = 540 km : 16.6 orbits or 1584 rain

41



_J

E

0

,.0
m.

(1)

(1)

I--

i000

5OO

i00

50

!
I

I

I

I
I

I

I
I
I
I
I

I

I
I

I

I

I

-- Forward scans

.... Backward scans

M/CDA = 100 kg/m 2

I.C.A.O 1962 atmosphere

10
I ! I I I

0 2 4 6 8 10 12

Number of orbits

Figure 24. Tangent Height Perturbations Due to Atmosphere Drag

42



and for backward scans

h = 460 km : 9.2 orbits or 862 rain

h = 500 km : 11.8 orbits or 1118 min

h = 540 km : 15.4 orbits or 1470 rain

Thus, if allowance for altitudes down to 460 kin, is made, and the 25 percent
effective uncertainty allocation is adequate, a maximum time interval of 862
minutes between tracking passes will keep the drag parameter uncertainty

effect on tangent height error to under 75 m.

STADAN TRACKING SYSTEMS

The STADAN tracking network facilities are discussed in Appendix B. Three

basic tracking methods are possible: Minitrack, vhf Range/Range-Rate, and
S-band Range/Range-Rate. The R&RR system determines spacecraft range by
measuring the travel time of an electromagnetic wave. Knowledge of the
propagation velocity therefore gives the distance. The vhf Range/Range-Rate
system gives better accuracy than the Minitrack system for very long ranges
(highly elliptical orbits). However, due to significant propagation anomalies
of vhf frequencies, its accuracy is inadequate for the HDS mission, where
a low, circular orbit is used. Therefore, only the Minitrack and S-band
Range/Range-Rate system were left as candidates.

Discussions with personnel at NASA-Goddard indicate the following levels of
accuracy are attainable:

• Minitrack (fine beam, above 300 meters in-track

45 ° elevation}

• S-band Range/Range Rate 100 meters in-track

The altitude error was estimated to be one fifth or less of the in-track error

by personnel at GSFC

The Range/Range-Rate system accuracy given is current; improvement to
40 m in the next few years is estimated by GSFC.

The actual accuracy achievable with the S-band system for
near-polar orbits is uncertain at this time due to lack of appropriate exper-
ience. However, extremely low orbit determination residuals have been
obtained using S-band range/range-rate tracking data from a 24-hour equa-
torial-orbit spacecraft (ATS-1). Extrapolating these accuracies to the HDS
mission gives good indication that, with suitable coverage, orbit determina-
tion errors (exclusive of drag parameter uncertainty} can be held to a value
giving tangent height errors below 100 m.

43



TRACKING COVERAGE

Simulations of the tracking coverage available from the STADAN system,
using either the Minitrack network or the S-band Range]Range-Rate network,
were carried out using the TECO, SICO, and PICO programs. These are
described in the mission profile section and, in more detail, in Appendix A.
For current purposes, SICO output is the most useful. The basis of this
program rests on the nature of orbit nodal distributions in a statistical sense.

When a spacecraft is injected into a circular orbit of given nominal altitude
from a given launch site, the ground trace of the orbit can be predicted quite
accurately prior to launch for the first few orbits. Each ascending node will
be a certain distance west of the previous ascending node, corresponding to
the orbit altitude and, to a small degree, to the inclination. This distance
can be written as

n = Pto
r c

where P = nodal period of satellite orbit

09C = W E -

toE = earth rotation rate

= eastward precession or orbit node due to earth oblateness

A typical value for n r might be 23 ° for a near 500-km orbit. Although this

prediction will be quite good for the first few orbits, note that for any error

in this nodel "shift" distance, Ant, after N orbits, the error in prediction

of the nodal location is N • nr. By differentiation of the equation for nr,

sensitivity coefficients can be generated

dn dP dr0
__.2.r : __ C
da da toc + _ P

dn dn
r r da

dt da dt

where a = orbit semi-major axis. These two coefficients will give the

sensitivity of n r to errors in altitude and the rate of change of n r with a

decaying altitude. Neglecting the dtoc/da term which is very small, these

equations can be evaluated for a nominally circular, 500-km orbit

dn
r

da
- O. O052°/km
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Thus, for an error of 10 km in orbit semi-major axis, the cumulative error
in nodal location after 100 orbits (about one week) is (0.052) (100) = 5.2 ° .
It thus becomes clear that, after a reasonably short time, the ground trace
of the orbit becomes unpredictable in pre-flight analysis. On the other hand,
it should be evident that traces on successive days will most likely differ.

During the course of a one-year mission, any nodal longitude can be expected
to be about equally likely, and that the actual distribution of nodal longitudes

during a year should approach a uniform distribution. Yet, it is advantageous
to know what kind of "coverage days" will occur during the mission. This
can be evaluated; the SICO (Simulated COverage) program model utilizes the
uniform distribution of nodal longitudes to produce what is, in essence, a

Monte Carlo analysis of coverage.

The basis of the SICO model is as follows. Suppose a nominal orbit is
started at an ascending node of 0 ° longitude and run through a complete day
of simulated tracking coverage. The second node would occur at, for

example, 23 ° W, the third at 46 ° W, etc. Start again, but at 1 ° longitude.
This time, the second node is at 22 ° W, the third at 45 ° W, etc. Starting

again at 2 ° longitude, and continuing this procedure until the starting node
is at 23 °, the second node is at 0 °, the third at 23 ° W, which is essentially
identical to the first simulated day. This procedure thus generates all of

the possible "coverage days" to a resolution of 1° in nodel longitude. The
output consists of 23 tables, each corresponding to the sequence of station
contacts in a "typical" day.

The PlCO model differs from SICO in that it is based on a continuous se-

quence, starting at injection. As the previous analysis demonstrates, PICO
data is valid for only a period of several da_s after launch (using 2-stage

Delta injection accuracies as a guide).

The early orbit tracking coverage PICO output with the S-band Range/Range-
Rate system is given in Appendix C. A 10 ° minimum elevation at each station
is assumed.

The long-term coverage profiles generated by SICO for the S-band Range/
Range-Rate system are given in Appendix D. Minimum elevation is 10°;
only in-sight times in excess of 1 minute are printed. Although some dif-
ferences in "typical" days occur, the maximum interval between available

passes is always less than the 862 minutes mentioned in Appendix D.

Approximate coverage profiles for the Minitrack system can be obtained
from Appendices E and F. These tables were generated for purposes of
telemetry, not tracking, coverage. However, Minitrack fine-beam coverage
(elevations above 45 ° ) can be ascertained by striking out all passes of less
than about 8.2 minutes.

TRACKING PLAN

Based on the estimated capabilities of STADAN S-band range/range-rate

tracking, and estimated drag uncertainties in orbit prediction as discussed
in the previous section, a basic tracking plan has been devised. The elements

of this plan are as follows:
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The S-bandRange/Range-Ratesystem should be used as the
primary tracking system.

Alaska and Rosmanshould be used as the prime tracking
stations, giving coverage every 500minutes or less.

This plan should result in a total tangent height error due to
orbit determination of under 125m, particularly with proper
...... +_,_ _,_- _,_,,_+_r_n an_m_l_ _nd imnrovement of

station location values during the next few years.

The Carnarvon, Santiago, and Tananarive stations can be used
for early orbit tracking, selected tracking at different orbit
locations, and as backups to Alaska and Rosman.

If the error budget remains essentially the same, definite pro-
vision for use of the back-up stations is necessary to allow for
priorities and/or operation problems.

CONC LU SION S

The following conclusions regarding the vehicle position determination
problem have been determined as a result of the analyses:

The S-bandRange/Range-Rate system should be used to provide
raw tracking data.

Propagation errors and basic tracking measurement errors make
the Minitrack system and vhf Range/Range-Rate tracking system
inadequate to meet the HDS position accuracy requirements.

Based on extrapolations from past experience, the S-band system
should be capable of providing sufficient data to give orbit arcs
with 3-sigma equivalent tangent height errors under 100 m,
exclusive of drag uncertainty.

The principal problem in accurate position determination is
atmospheric drag uncertainity. Adequate smoothing intervals
may possibly be too long to account for the position error due
to this uncertainity for altitudes near 500 kin.

Provision exists to raise orbit altitude to decrease drag uncer-

tainty error should this be necessary to expand the tracking pass
intervals, or to allow for greater drag uncertainty or model errors.
In making such a change, the increased error in tangent height
due to increased sensitivity to angular errors must be consldered.

_! • W! • • fIn general, an ophmum-accuracy alhtude should exlst or a
given configuration.
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DATA ACQUISITION

INTRODUCTION AND OBJECTIVE

The data acquisition study was concerned with assuring command and telem-
etry compatability between the satellite and STADAN. The basic areas of
investigation included maintaining cognizance of telemetry and command re-
quirements, determining STADAN and GSFC Data Processing Center capa-
bilities, investigating satellite-STADAN interface considerations, and estab-
lishing preliminary data acquisition plans. The objective of the study was to
define, from system requirements and feasible subsystem concepts, the data
acquisition concept utilizing STADAN with a minimum of modification. The

details of the areas of investigation outlined above are presented in the fol-
lowing paragraphs.

DATA ACQUISITION REQUIREMENTS

The functions of data acquisition of concern are those of command and telem-
etry. The basic requirement is to utilize STADAN with a minimum amount
of modification being required. The general telemetry and command re-
quirements are outlined below.

Telemetry Requirements

The horizon definition study satellite will generate three major types of data
which will be transmitted to ground stations. These are radiometric data,
attitude sensing data, and status data. The satellite will have an orbit
altitude of 500 kin, an orbit inclination angle of 97.38 ° and a data storage

capability of approximately one orbit. The basic telemetry requirement is to
transmit the accumulated data at least once per orbit for the lifetime of the
satellite which is a minimum of one year. For an estimated storage cap-

ability (ref. 3) of 500 kilobits to 1 megabit and assuming a nominal 2 minute
contact time, the transmission rate will be in the range of 5 to i0 kilobits/
sec. The anticipated data rate for this program is approximately 5 kilobits/
sec.

Command Requirements

It will be necessary to activate certain functions within the orbiting space-
craft at various phases of the orbit and of the satellite lifetime. The com-
mands envisioned at present are only of the ON-OFF type. The number of
different commands is estimated to be as follows:
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Subsystem Number of Commands

Attitude Control 17

Structures 3

Communications & Tracking 5

Radiometer Control 4

Starmapper - Sun Sensor 3

Power 18

Data Handling 8

Total 58

During the early orbits (post-injection) there will be the requirement to re-
ceive data, process, and issue commands within a short period of time (one
orbit period, for example). In this case it will be necessary to quite fre-
quently use those ground stations which have a microwave link with GSFC.
After the satellite has been stabilized in orbit, this requirement will drop off

to a frequency interval of several days.

STADAN DATA ACQUISITION CAPABILITIES

STADAN consists of three major functional systems. The first of these is
the Minitrack system which is basically a tracking system but has the facil-
ities for receiving and recording telemetry data. The second functional
system is the Data Acquisition Facilities (DAF) which is equipped with multi-
frequency, high-gain antennas and has the capability of handling large quan-
tities of data at high data rates. The third system is the Goddard Range and
Range-Rate (R&RR) tracking system which has the potential capability of both
vhf and S-band telemetry. A summary of the telemetry and command capa-
bility of these three systems is presented in the next few paragraphs while
certain specific details are referenced to Appendix G. Table 1 presents a
list of the STADAN stations and identifies the capability of the station with re-
spect to these three major STADAN functions. The geodetic locations of
these stations are listed in Table G1 of Appendix G. The essential functional
elements of a data acquisition station are shown in Figure 25.

Telemetry Capabilities

The available telemetry frequencies associated with each of the stations is
shown in Table 2. The data channel bandwidths of the 136 MHz and 400 MHz

carrier are 30 kHz and 50 kHz, respectively. Wider bandwidths recom-
mended are 90 and 300 kHz for the two respective carrier frequencies. The
channel bandwidth of the 1700 MHz carrier is approximately 1.5 MHz.

Another possibility for a telemetry channel is the RaRR system, with the
satellite transponder functioning as a command receiver, tracking source,
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TABLE i. - STADAN STATIONS

Stations M initrack R&R R DA F

Alaska

Orroral

Carnarvon

College

Fort Myers

Gilmore

Johannesburg

Lima

Quito

Rosman

St. Johns

Santiago

Tananarive

Wink field

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X
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TABLE 2. -STADAN TELEMETRY FREQUENCIES

Stations

Alaska

Orroral

Carnarvon

College

Fort Myers

Gilmore

Johannesburg

Lima

Quito

Rosman

St. Johns

Santiago

Tananarive

Winkfield

136 MHz

X

X

X

X

X

X

X

X

X

X

X

400 MHz 1700 MHz

X

X

X

X

X

X

X

X

X

X

2253 MHz
(R&RR)

X

X

X

X

X
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and telemetry transmitter. The two carrier frequencies associated with the
R &RR system are 136MHz and 2253MHz. The respective channelband-
width capabilities are on the order of 20 kHz and 1 MHz. Details of STADAN
station characteristics pertinent to satellite systems interface analysis are
presented in Appendix G, Tables G2 through G6. Further details are found
in references 4 and 5 from which most of this information was obtained.

CommandCapabilities

The STADANsystem has three basic command systems. These include the
tone command, tone-digital commandand PCM instruction commandsystems.
A description of commandcapabilities for each system follows:

Tone command syster_. -- This system is intended for use where only a
few "on-off" commands are required. Sequential transmission is employed
with the address tone sent first to "arm" the decoder. The execute tones

follow to accomplish the particular command function and may consist of up
to three tones in a sequence. There are seven tones allotted for executing
commands.

A tone command system is not a secure system and is thus prone to spurious
commands from other radiating systems. This is probably the biggest source
of error, assuming the system is not operating under marginal S/N ratios.
It is quite difficult to put a quantitative number on expected errors in this case,
and if this system were to be used, design considerations should be given to
this problem.

Tone-digital command system. -- This system was developed for simple
real time "on-off" commanding and is capable of transmitting up to 70 com-
mands. This is essentially a PDM command system.

A command in this system consists of a series of five words, each consisting
of eight bits, one sync bit and one blank period. The series consists of a
unique address word sent twice and an execute word sent three times. The
address word identifies the spacecraft and enables the command hardware.
The execute word contains the specific command function to be performed.
Receipt of one correct address word and one valid execute word is sufficient

to effect the command. Repeating of the words increases the probability of
reception under adverse conditions.

Each word is generated from a fixed number of zeros and ones for error de-
tection and interference rejection. The address word consists of some com-
bination of six ones and two zeros and is assigned by GSFC to the spacecraft.
The execute word consists of combinations of four ones and four zeros. A
total of 70 execute words can be generated from these combinations. With
this coding, all odd errors and 43 percent of all two-bit errors can be de-
tected. To further decrease the possibility of spurious commands, the exe-
cute word must be received within a fixed time period after the address com-
mand.
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Proper design of equipment for use with this system will allow a pulse error
rate of less than oneper 5000bits for a subcarrier S/N ratio of 0 dB.

PCM instruction command system. -- This is a high capacity binary sys-
tem with word lengths of 64 bits. The maximum number of data bits in a
word is 46. The remainder are synchronization bits. Various command
functions such as event timing, error checking, subsystem control, etc., can
be performed.

A properly designed spacecraft command receiver will have a probability of
bit error versus S/N capability of within 4 dB of the theoretical curve for an

FSK, matched filter, incoherent detector. For a bit energy-to-noise ratio of
i0, the corresponding probability of bit error is 0.002. Spacecraft data veri-
fication methods should also be used. Several methods are word repetition,
word feedback, code check, and signal acquisition and acknowledgement.

There are three types of command am transmitters that can be used with the
station command consoles. They are identified by the output power levels
which are 5 kW, 2.5 kW, and 200 W. The characteristics of these transmit-
ters and available command antenna systems are presented in Tables G7 and

G8, respectively, in Appendix G. Reference 5 provides further details on these
command systems.

DESCRIPTION OF GSFC DATA PROCESSING CENTER

Data Processing Functions

A functional block diagram of the GSFC Data Processing Center is shown in
Figure 26. The data is received on tape as recorded directly out of the
station receivers with ground time recorded in parallel. The first require-
ment is to catalog, screen, and order the data according to the manner in
which it was taken. The next step in the process is the conversion of the data
to a computer format. Ground time is inserted at this time as required by
the measurement program. The remaining operations produce the experi-
mental data in a suitable form for further data reduction and analysis by the
experimenter. Compliance with the PCM telemetry standards, Appendix E,
assures compatibility between spacecraft, ground station, and the Data
Processing Center. Further details of telemetry processing can be obtained
from reference 6. A summary of the pulse code modulation (PCM) systems
described in that document is presented in the following paragraphs.

Processing Capabilities

The data processing PCM systems are designed to process any pulse code
modulated telemetry data that uses split phase or non-return-to-zero coding.
Spacecraft data that is recorded in serial binary code at the ground receiving
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stations are the inputs to a typical pulse code modulation processing line.

Programming is accomplished by means of patch panels to accommodate any
known format of a particular satellite. The programming includes selection

of word length, frame length, permissible frame sync bit errors, subcom

frame length, number of frames to acquire frame sync, number of frames to
flywheel, number of bad frames after which to revert to search mode, and

setting up the frame and subcom frame sync recognizers for particular frame

sync codes. In addition, patching is used to program the generation of buffer

command signals in accordance with the desired buffer tape format and buffer
requirements to produce buffer tapes.

The spacecraft data which is to be reduced is a pulse code modulated serial
train of binary bits representing digital and analog measurements. The
serial train of pulses (bits) is divided into equal groups of N bits, each called
words. The presence or absence of each of the N bits describes the level of
the sample of the analog quantity to the nearest discrete step between zero
and full scale. Each analog measurement made aboard a satellite is digitized
with the same sampling rate and number of bits representing full scale.

The split-phase or bi-phase code, where a i bit is identified by a downward
transition and a zero bit is identified by an upward transition, hence bi-phase,
is the code used predominantly in GSFCfs spacecraft. Other codes in which
the digitized quantity may be encoded for transmission include: I) NRZ-
change which maintains one level for 1 bits and a different level for zero bits;
2) NRZ-M where there is a transition (positive or negative) for every I bit
and no transition for 0 bits; and 3) return-to-zero level code in which

there is a pulse for every 1 bit and no pulse for 0 bits.

The pulse code modulated signal as received from the spacecraft, recorded
by the ground station and reproduced by the pulse code modulated line tape
recorders, can be noisy, distorted, and degraded. To reconstruct its wave-
form the signal is transmitted to the bit synchronizer unit where it is filtered,
bit synchronized, and reconditioned for use by the search and lock unit. The
bit synchronizer is capable of handling any of the codes discussed in the pre-
vious paragraph.

The main purpose of the pulse code modulated data reduction system is to re-
duce the data received from the satellite into a format acceptable by an IBM,
Univac 1107, or equivalent computer for complete decurnmutation and genera-
tion of experimenterts tapes. The above goal is accomplished by use of the
data processor to: I) present to the buffer the serial train of telemetry data

in terms of digital words of proper length and location in the main frame;
2) supply the required commands to the buffer to sample the presented data in
proper order, as well as sample time presented by the time decoder; 3) gen-
erate special buffer commands to properly begin and terminate data blocks;
4) check the frame sync code and bit errors, and flag the status thereof; and
5) generate special flags such as subcom word(s) location, signal mode, etc.,
to minimize the effort required in decommutating and further processing of
experirnenter Ws data.
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SATELLITE - STADAN INTERFACE CONSIDERATIONS

The major interface considerations evolved from the desire to assure satel-

lite - STADAN compatibility. As a result, the primary concern centered
around carrier frequency and bandwidth compatibility of spacecraft and
ground station, and the telemetry coverage capability (the latter being related

+_ on_oard storage _n_h_li_v _+_ +_n_i_o_ _*_ _ _n I,_,._,i,_,)
The frequencies and bandwidths were considered in previous paragraphs, an
were the telemetry requirements. Since any of the carrier frequencies hay
sufficient bandwidth capability for the HDS system• the criteria for selection
of carrier frequencies becomes that of adequate telemetry coverage. This

analysis and command system considerations are discussed in the following
paragraphs:

Telemetry Coverage

The coverage analysis utilized the SICO computer program discussed in the
section on position determination. The major changes in input parameters
for utilization in telemetry coverage consisted of setting the minimum eleva-
tion angle to 5 = and increasing the minimum "time in sight" to be recorded to
three minutes. That is, any contact time under three minutes is not counted
as a contact. Contacts under three minutes could be useful for. a liznited

amount of status monitoring but would probably not suffic_ for transmitting
two minutes of experiment data and the associated commands.

Telemetry coverage capability of stations with 136 MHz, 400 MHz, and 2200

MHz (R& RR) carrier frequencies was determined. Table 3 lists the input
parameters and the output data for the vhf station for a typical day of opera-
tion. The complete tables listing all typical days anticipated over the year
for the vhf and S-band stations are presented in Appendix H. It has been

assumed that R& RR stations will have telemetry capability by 1970.

Analysis of the telemetry coverage capabilities of the R & RR stations indicates

that there are periods up to approximately 3.3 orbits _here no telemetry con-
tacts are made. Assuming that the on-board storage capability can handle
only the data accumulated over one orbit period• then a considerable amount
of data is lost due to storage overflow. The loss of 2.3 orbits of data can be
expected frequently.

The 400 MHz stations and the vhf stations were analyzed for telemetry
coverage in a similar manner. The 400 MHz telemetry coverage has more
holes which occur more frequently than either the R & RR or vhf stations.
On this basis• a carrier frequency of 400 MHz does not appear to be very use-
ful for this experiment. Utilization of a vhf telemetry link will provide bet-
ter coverage than the other two. In this case there are up to I. 75 orbits
during which no telemetry contacts are made for the typical day considered.
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TABLE 3. - VHF TELEMETRY COVERAGE

vHF TELEMETRY COVERAGE PROFILEs

HCRTH LAT, EAST I.ONG_ MIN ELEVt

DFG _EG DEG

STATICN I CeLLE_E 64.90 712,10 5,00

STATICN 2 FTo MYERS 26°50 27_,I0 5,00

STATICN 3 J_FANNESELJRG -25.90 27,70 5,00

STATION 4 LIMA -11.80 282.80 5,00

STATION 5 CRRORAL -35,8_0 14_.q0 5,00

STATICP! 6 cUITC -.60 281,40 5,00

STATICN 7 RCSVAN 35.20 777o10 5,00

STATION B ST. JOHRs 4?.?0 _07,30 5,00

STATION 9 SANTIAGO -33o20 28O.30 5,00

STATION 10 WINKFIELC 51.50 _5o,_0 5,00

CRBIT ALT= 500,0 KV,

ORBIT INCL= qT,3R _EG.

NCCAL LCNGITUnE STE o SITE= 1.0_ _EG,

ORBIT PERICD= g4,62 MINUTES

EARTH RAtiOS= 3_,3 PE_CFNT OVER ACTUAL (REFRACTION CORRECTION)
_IRI_L_ TWF= 3.00 _I_'

wESTwARD SHIFT OF ASC, _'O_E= 23._5 DEG./ORBIT

STATICN PAX, ARC RANE_ VISIRLE(_EG) MAx, DIST,_M,

! 1g,73 2_31,I

2 19,73 2_31,1

3 Iq.73 2_31,t

4 lq,?3 2331.I

5 19,73 2_3],!

1q.73 2331.1
? 1g.73 2_31.I

8 lq,?3 2_31.1
lq.?3 2_3|.1

10 1g,73 2331.1
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TABLE 3. - VHF TELEMETRY COVERAGE - Concluded

EAST LCNGITUDF,ASC. NCEF (TINE:O) : .00 DEG

TI._E, STATICN _INUTE5 MINUTES SINCE

VIK, I_, SIGHT LAsT CONTACT

8,67 _IK_KFIFLD g,64

24,55 CCLL_CF g,35 6,24

53,T5 ORPCPAt g,30 19,85

104.19 ST. JOHNS R.62 41.14

118.56 CCLLKCF 6,_8 5.76

146.q2 C_C_AL 0,05 21.4R

196,74 ST, JONNS 10,17 40,76

211.76 CCLLPCE 4,72 4.85

27C,18 5ANTIAFC q,96 53.70

276.65 LI_A _,47 .00

279,16 _LITP _o60 ,00

286.13 FI, _YFRS I0o08 oO0

28R,36 RC_N I0,22 ,00

303,C7 CCLLFGE _,R5 4.49

366,C3 5A_bTIACC 7.53 57,11

372.C6 LIrA 7,C4 .00

382°16 FT. _'yFRS 6,05 3.06

384,35 RC_MAN 6,_9 ,00

393.gO CCLLEGF B,52 3,17

485,92 CCLLFGF I0,21 83.51

525°68 JCNA_'NFSPuP6 7,17 2g,55

57S,83 CCLL_CE q.91 46°98

617,21 JCNA_!NFS_bPC 9,88 27.48

676,39 CCLLFGF 6,23 _9.30

691,5g WlNKrIFLD O,_l 8,97

785,53 _I_'KFIFL_ i_.I0 84°93

837,18 CR_CQA[ I0,C8 41,55

881.31 hI_K_IFLt _.CI B4.05

882,29 ST, JOHNS 7,gO .00

906,62 5AK!TTAGC 6,gi 16.45

993,14 O_RCPAL 7,9g 19°61

g75,80 ST. JCNN_ 10,27 35°27

981,96 RCS_N 4,_0 .00

983,g4 FI, "YFR_ S,44 .00

g8g.gl QLITe _.C4 .53

992,51 LI_A g,S8 .00

ggT,6l SA_'TTA_C i0,16 .00

I071,77 ST, JOHN¢ 5,14 6_,00

1079,78 RC_NAN I0,_5 ,00

1076,15 FT, MYF_ 10,15 ,00

1084,96 _tITm 7,68 °00'

I088,27 LIUA 5.63 ,00

1255.g5 CCLLF6_ _.24 162.06

1313oC4 JCNANNFSPuP6 geg4 48°84

1334.g9 _I_'K_I_L_ _.08 11,95

134_,75 CCLL_GF 10.91 5.75

140go16 JC_ANNFS_UP6 6,73 49,10

1427,78 _INK_I_L_ i0°14 11.88

1443.90 CCIL_CF 9,74 5.98

1474,22 C_CDAL 7,g7 20°58

1525,93 _I_K_IFL_ 9,08 43.75

1524,58 51. JOFN_ 7,28 .00

1537,99 CCELP6_ 7,49 6.13

1565,g6 ORPCPAL g,g6 20.48

IAST ASC,NODE

F,LO_IG,,DEG.,

,00

-2_,65

-47,31

-70,g6

-94°62

-118,27

-141,93

-165,58

-18_°23

-_12,89

-236,54

-260,20

-307,50

, -331°16

-354°81

-_7R,47
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To obtain average telemetry contacts over long periods of time, charts were
prepared which indicate the frequency of occurrence of specific "time since
last contact" values. Figure 27 illustrates the "time since last contact" for
vhf telemetry coverage with 10 stations and the average frequency of occur-
rence of these times. For example, over a 100-day interval, it can be ex-
pected that the occurrence of a 160 to 170 minute time-since-last-contact
will happen roughly 25 times. It should be pointed out that in no case will
there ever be completely empty space cells due to lost data. The maximum
loss will be 50 percent since coverage will be obtained when the satellite pass
comes from the other direction. Assuming a 94-minute orbit and assuming a
storage capability for one orbit, then the dashed vertical line represents the
point beyond which data is lost when the time-since-last-contact exceeds this
point. Figure 28 illustrates the telemetry coverage for S band (R&RR) in the
same way as Figure 27 does for vhf telemetry coverage. Note that the
R&RR system has two quite large values for time-since-last-contact, bothof
which correspond to several orbits of lost data. For a 100-day period of
time, the 225 minutes since last contact will occur roughly 70 times. This is
quite frequent and of large magnitude in comparison to the Minitrack cover-
age. This fact makes vhf telemetry preferable to S-band telemetry. Figure
29 illustrates the same type of information for the stations with 400 MHz
capability. This figure illustrates the relatively large number of telemetry
holes and the frequency of occurrence which is also relatively large.

It can be concluded that a 136 MHz carrier frequency will provide the best
telemetry coverage and should therefore be considered as the primary link.
Since the R&RR system will be used for tracking, minor modifications can
provide the capability of using the R&RR S-band carrier as a backup link with
degraded telemetry coverage. This mode of operation is recommended for
the HDS satellite, based on the foregoing telemetry coverage analysis,
assuming a one-orbit storage capability.

The location and shape of the vhf telemetry hole is illustrated in Figure 30.
The shaded section represents the area in which data is lost due to storage
overflow. The polar map presented covers the Northern Hemisphere. The
shaded wedge extends from 10°N latitude down through the Southern Hemi-
sphere and back up to the north polar region where contact is finally made
with the College station. The effect of the missed data is to slightly lower
the confidence interval of estimated parameters of the final data analysis.

Command System Consideration

The quantity and type of commands required suggest that the tone-digital
command system has sufficient capability for the program being considered.
The PCM digital system has a much larger capability but also requires cor-
respondingly more complex equipment on the spacecraft. There is no further
tradeoff required in this area since the only command frequency is nominally

148 MHz and the types of transmitter and antenna is established by what is
available at a particular station.
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Figure 30. Illustration of VHF Telemetry Hole
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DATA AC(_UISITION PLANS

The process of data acquisition is explained in the following paragraphs in
terms of data flow in the experiment, the early orbit plan and the data acqui-
sition process for a typical day of operation.

Data Flow

The manner in which the data is acquired, centrally accumulated, and even-
tually processed is conveniently described in terms of data flow diagrams.
Figure 31 outlines in block diagram form the satellite equipments which

sense, condition, handle, store, and transmit the data to be received by the
ground station. Also included are the equipments required for the command
and tracking functions. The primary telemetry link under consideration is
the vhf carrier modulated such that it is compatible with Minitrack stations.
Selection of vhf was based on telemetry coverage and data rate considera-
tions. A back-up link was selected using the S-band R&RR system. As can be
seen from Figure 31, the operations necessary to provide sensed data to the
experimenter are:

• Obtain tracking predictions so that the satellite can be
located

• Command the satellite to transmit data

• Transmit the data to ground station

• Receive and record the data at the ground station

• Deliver the data to GSFC

• Process the data so that it is in a useful form for the

exp erim ente r.

The basic equipment at the ground receiving stations is illustrated in Figure
32, along with the general flow of data. Although the R&RR system is shown
as being physically associated with the vhf Minitrack station, this is not the
case. The R&RR systems are separate independent stations. It was in-
cluded here only for convenience of illustration since it is used for tracking
and as a backup telemetry system. The operations at the ground station con-
sist primarily of acquiring the satellite (aided by tracking predictions), com-
manding the satellite to transmit data, receiving and recording the data, and
displaying selected status data. The received telemetry can be mailed or
transmitted to GSFC, depending on the station location. College and Rosman
stations have microwave links connected with GSFC. A similar situation

exists with regard to commands. The standard commands are initiated at
the station; however, special commands can be transmitted by microwave
link where possible or by TWX.
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The Data Processing Center is the hub of the STADAN system. All the data

received at the outlying stations is accumulated, ordered, and initially pro-
cessed by this center for presentation to the experimenter in a suitable for-
mat. Figure 33 illustrates the flow of data within the GSFC data processing
center. As indicated here, there would be an experimenter's control center
for the purpose of monitoring the experiment and to make operational deci-
sions. A certain portion of all data received, whether by mail or microwave
link, would be monitored to ensure that certain data outputs were satisfactory.
The output of the center will consist of an experiment data tape, orbital data
tape, and possibly an attitude data tape. The subject of attitude determination
will be discussed in a subsequent section. The data reduction function will be

the responsibility of the experimenter and may not involve GSFC computing
facilities.

Early Orbit Data Acquisition Plan

Data acquisition during early orbits will consist primarily of obtaining star-
mapper and spacecraft status data for purposes of establishing the proper
satellite conditions prior to collection of experimental data. Associated com-
mand functions will also be performed. Since a large amount of starmapper
data reduction is required during the early orbits, the majority of satellite
contacts will be made at the Rosman and College stations which have direct
microwave links with GSFC. Telemetry coverage for the first 17 orbits is
shown in Table 4. The table presents time of contact, minutes in sight, min-
utes since last contact, last ascending node before contact, and the number of
revolutions since launch time. Appendix F contains tables for the first i0 000
minutes of orbital lifetime.

The PICO computer program described in the section on position determina-
tion was utilized here. As can be seen in the table, there are occasions when
contacts are not made for several orbits when only the Rosman and College
stations are used. This should not pose a problem in the early stages of the
experiment. The use of only the College and Rosman stations will ease the
problem of initiating commands and making decisions at the receiving stations
where the station personnel are not usually involved in decision making func-
tions. After the satellite is ready for gathering scientific data, the remainder
of the networks may be used to ensure that large amounts of scientific data
are not lost due to lack of sufficient telemetry coverage.

Figure 34 illustrates the telemetry contacts at the College, Rosman, Winkfield,
and St. John's stations for the first 1600 minutes of orbit lifetime. Note that

the majority of telemetry contacts can be made at College, assuming there
are no priority problems. It is assumed that all commands and data neces-
sary to establish the required operational status of the satellite can be handled
with the College station. Certainly status data can be obtained from any of
the other nine stations and this mode of operation is recommended when pos-
sible.
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TABLE 4. - POST-INJECTION VHF TELEMETRY COVERAGE SEQUENCE

PCST-INJFCTICN VFF TFLEMETRY COVFRAGF SEObFNCE

NCRTH LAT, EAST LONG, _IN ELEV,

DFG mEG DEG

STATICN I C_LLECE 64.90 ?I?.I0 5,00

STATICN 2 FT. MYERS 26.50 27m. I0 5,00

5TATICN 3 JC_#NNESEL._ -25.90 27,70 5.00

STATICN 4 LI_A -11.80 282,_0 5_00

STATICN 5 C_RORAL -35.60 14_.g0 5.00

STAIICN 6 ClIITC -.60 281,40 5,00

STATICN 7 RCSUAN 35.20 277,I0 5,00

5TATICN 8 ST. JOH_S 47.70 _07,30 5,00

5TATICN 9 SANTXAGC -3_.2_ 28g._0 5,00

STATICN IO _INKFIELC 51.50 _5o,30 5,00

CRBIT ALT= _Oe,O KW.

CREIT INCL= gT°3B _E_.

LALNCF-TC-INJFCTICN _;CLE= 20,00 _EGo

CRBIT PERIC_= g4.62 PI_t;TFS

EART_ RACILS= 3_,e PEPCFNT KVEp ACTUAl (REFRACTION COPRECTION)

MINIW_ TIWE= .0_ _IN

_EST_AR_ S_IFT _F ASC, _'OeE = 23,65 DEG./ORBIT

L_KC_ LCN(ITI!_E= -12e,63 DEG, FAST

LALK(F LATITb_F= 34.7A DE6. NORTH

LALKCF VELCCITy FAS SCLTH_RLY COMPONENT

LALN(F TC INj_CTICN TIPF= IC°00 MIN.

TCTAL TI_E= 10nO0.O C PIN,

STAIICN PAX. ARE PANCE VISIBLE(_EG) MAX, CIST_M°

I lq.?l 2_2g,I

2 19,7[ 2_2g,]

3 Ig,?l 232_°I

4 Ig,71 2_2g,I

5 Ig,_l 2_29.I

6 Ig,?l 2_2_.I

7 19.71 2_2g.I

B Ig.71 2_2g,I

g IQ,_I 2_2g.1

IC Ig,71 2_2g,I
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TABLE 4 - POST-INJF, CTION VHF TELEMETRY COVERAGE

SEQUENCE - Concluded

POST INJECTICF'J CCVFPAGE sFctE_<F (INJFCTION TIM !=: i0o00 MIN. AFTER LAUNCI4)

TINE, 5TATfCN WTNI!TE5 WTNIJTF5 SINCE I AST ASC.NODE REV.

iVlK. It SIC aT LAST CONTACT F,LO_IG.,DEG, DO,

dC - t 6 6,2146.42 _AKNFm_ p 6m,73 I

6q.lg _INKFTFL_ 6.40 16.56 40.08 I

81,g5 CCLIEGF g.74 6.36 40,08 I

13q.60 JC_ANNFS_E_6 9.99 47.91 40.08 2

16C.03 wlDKPIFL _ 10.?8 I0,44 16.42 2

176,CI CCl LF6F 10,26 5,70 IAo42 2

255.C4 _INKClFLt _,_I 68.78 -7,23 3

27C.17 CCLLEOF P.69 6.81 -7,23 3

298.42 C_PCP_I 10.22 19.56 -7,23 4

34_.P4 ST, .IOF;N_ 9,77 40.20 -30,R8 4

364.05 CCLL_GF 6.C3 5.43 -30,£8 4

3£3.7G CR_CDAI 6,41 23.71 -3N,R8 5

424.72 5_IIA6C 1,41 24.52 -30,R8 5

441,76 FI, "YFR_ q.26 15.65 -54.54 5

442,70 RC_AN 6,C7 .00 -54,54 5

442,79 ST. ,JOF_N _ 9,_i .CO -54,54 5

456,72 CCLLFGF 4,65 4.62 -54,56 5

515,R8 5Ah'TI_C I0,_6 54.51 .54,54 6

521,g0 LIrA i0._5 .00 -54.54 6

531.4R FT. _Y_R ¢ IC.33 .CO -7R.19 6

533.79 RC_MAN IC.P9 .00 -7P,19 6

547,63 CCLLFGF 6,65 3.54 .7_.19 6

614,29 5ANTfA_C 2._g 60.00 -78,19 7

638,71 CCLLrGF q,18 22.34 -I01,P5 7

731,25 CCI LF6_ 10,_6 83.35 -12_,50 8

76g,62 JCNA_'N_Smt;P6 0.45 28.02 -12_,50 9

825,85 CCLL_GF g.25 46.77 -16o,16 9

863.60 JC_A_NFSPLD6 _,O6 28.50 -14o,16 i0

923,90 CCLLr6F !,20 52.24 -172,ei I0

936.97 _I_K_IFLD q._8 9.86 -172._1 10

990.52 C_PC_A[ 4.QO 43.57 -172.R1 II

1031.39 _I_!KPTEL_ _.33 36.88 16_.54 Ii

1082.95 C_PCPAI 10.35 42.23 163.54 12

1127.42 5T. JC_N_ _.49 34.13 13_.88 12

I15C.46 S_TIA_C 9,20 13.55 130,88 13

1181.37 C_CPA[ l,g6 21.72 13o.£8 13

1221.66 ST. JC_N_ q._2 3£.33 116.23 13

1225.g6 PC£W_N R.26 .00 116.23 13

1228.10 FT. _'Y_R_ q. R5 .00 116.23 13

123_.79 CLIT_ in.27 .00 116.23 14

1237.67 LIUA 10._5 .CO 116.23 14

12_3,64 5A_TT_6C _._8 .00 116,23 14

131q.69 RC_WAN g.71 87,07 92.57 14

1322,95 FT. _YER_ _.e4 .00 02,57 14

1408,G4 COLL'6 p _.e5 77.74 6n.q2 15

149C.17 _IhKF|FL_ 4,13 78.19 45,26 16

1501.39 CCLLFGF _,24 7.i0 45,26 16

1558.68 JC_ANN_5PLP6 Im,16 48.05 4_,26 17
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Also included in Figure 34 is the sequence of events or operations associated

with a typical telemetry contact. The sequence indicated is one which would

likely be used at College or Rosman while the sequence at any of the other
stations would consist of only the first four operations listed. The amount of
time that the satellite is in contact with the station certainly governs the

length and type of sequences to be performed.

The acquisition and lock-on operstion is essentially that of achieving automatic

tracking of the satellite. When this is accomplished, commands can then be
transmitted to request transmission of status data. After a sufficient amount
of status data has been received, further commands can request transmission

of the data in storage (starmapper data, etc. )

There may be occasions when it may be advantageous to set some conditions
into the satellite for the forthcoming orbits (attitude control, calibration, etc.).

These commands and the verification thereof would then conclude the contact

with the satellite.

Data Acquisition Plan for a Typical Day of In-Orbit Operation

The acquisition of data during a typical day can be outlined by referring back
to Table 3. This table represents one of the 24 typical days of operation.

Assuming a storage capability of one orbit (94 minutes), then data dumps must

be accomplished such that the accumulated time since the last contact be less
than one orbit time. For the particular day represented by the passes in

Table 3, the first data dump could be at Winkfield, the second at St. John's,

etc. A graphical presentation of station contaats is shown in Figure 35, using

the data presented in Table 3. Note that the station contacts have been cate-

gorized into two groups and called primary and secondary contacts. Primary
contacts are identified as those contacts which are either absolutely necessary

for proper telemetry coverage and/or the station making the contact is on the
North American Continent. Station contacts within the continent result in the

shortest delay of data delivery to GSFC. The solid rectangles in Figure 35

indicate a set of particular station contacts made during the typical day pre-
sented while the open rectangles represent alternate station contacts that

could have been made. There may be a problem of satellite priority and thus,
selection of secondary station contacts w111 nave to De made. The detailed

weekly plan for this phase of data acquisition will be established by GSFC in
advance of actual acquisition with active satellite priorities incorporated.

The manner in which data is acquired during each contact is conveniently des-
cribed in terms of a sequence of events. A typical sequence of events would
be as follows. After contact is established with the satellite on the basis of

tracking predictions, the telemetry status data would be received, conditioned,
and duplexed to determine satellite status. Commands would then be initiated
to establish the desired conditions in the satellite data handling system and to

initiate playback of the scientific data from storage. The remainder of the
contact may be used to set up further commands, if required, and to exercise
the experiment equipment for calibration or diagnostic purposes. Primary
command and control of the spacecraft should be retained at a central HDS control
office while certain routine commands can be handled by the local ground station
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as required. The minimum useful contact time is estimated to be approxi-
mately three minutes with two of these being allotted to telemetering of
scientific data. The maximum contact time is on the order of ten minutes,
assuming a minimum elevation of 5 deg from the horizon. This can be seen

by referring to Table 3 in the column Min in Sight. A typical contact is
diagrammed in Figure 36 to show the sequence of events performed during
the contact. When a short contact is made, it is obvious that certain opera-

tions must be shortened or eliminated. For example, if it is necessary to
make contact where the satellite is in sight for only four minutes, only the

operations absoluately necessary will be performed.

After data has been received and recorded at the ground station, it is mailed
to the GSFC Data Processing Center. Delivery time ranges from two days to
two weeks depending upon the station location. The Alaska and Rosman sta-
tions have direct microwave links with GSFC and any data received at these
stations is usually transmitted over the links with a very short delay from the
time of satellite contact. This allows certain data to be processed at the con-
trol center for quick look purposes when it is necessary to react rapidly to
conditions on the satellite. Figure 36 also indicates the mode of data delivery
from the station to GSFC and the approximate delay in delivery.

CONCLUSIONS

The following conclusions regarding data acquisition considerations have been
formed:

The vhf (136 MHz) STADAN telemetry link should be used
as the primary link since it provides the best telemetry cover-
age and satisfies the data bandwidth requirements.

The R&RR S-band carrier can conveniently be used as a back-
up link since the basic system is required for the tracking
function.

The tone-digital command system is recommended for the space-
craft system since it can handle the quantity and type of commands
required.

The primary stations recommended for telemetry contacts are
College, Rosman, St. Johns, and Winkfield since these stations
provide adequate coverage and will permit transmission of the
data to GSFC in the least amount of time. Satellite priorities
will interfere with this plan; however, it is expected that the
preference will be given to these stations when possible.
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ATTITUDE DETERMINATION

Attitude determination is defined as the estimation of the spacecraft (mea-
surement system) attitude with respect to some known frame of reference.

The conceptual design of the attitude measurement system consists of de-

fining the required measurement devices and ground data processing system.
This section descrlbes the conceptual design feasibility study conducted,
assuming a passive starmapper/sun sensor instrument system in the satel-
lite, and a least-squares attitude estimation algorithm programmed in a
ground-based computer.

INTRODUCTION AND STATEMENT OF THE PROBLEM

The detailed analyses of the attitude measurement and determination system
mechanization is an extension of the studies conducted in Phase A, Part I.

Considering spacecraft system mechanization including reliability and experi-

ment requirements, the spacecraft concept was determined to be a spin-

stabilized wheel configuration with the angular momentum vector nominally
perpendicular to the spacecraft orbit plane. An important consideration in

the selection of an attitude measurement system concept is the lack of a re-

quirement for an on-board, real-time knowledge of the precise attitude of
the vehicle.

When considering the rolling-wheel spacecraft conceptual system operating
for one year in space, inertial sensors, such as gyroscopes, prove unaccept-
able. Coupling this with the lack of a requirement for real-time attitude
knowledge, the attitude measurement system selected is one which utilizes

the spacecraft motion to scan the celestial sphere, a starmapper concept.

Data storage and transmission equipment are assumed to be aboard the satel-
lite so that ground based a posteriori attitude estimation can be accomplished.
The problem, then, becomes one of defining the detailed data processing
algorithm to be used and the data requirements from the satellite.

The problem has several interesting features. First, the starmapper is an
instrument which emits a time pulse whenever a star comes into the field of
view. To interpret such signals in terms of attitude, it is necessary to inte-
grate a set of model differential equations. (It is also necessary to know
what star produced what pulse. The matching of time pulses to stars is
assumed to have been done. ) Thus, one must define a model for the space-
craft. The principal task here is the determination of the torques acting on
the vehicle. This is not a trivial problem, even though many of the torque
terms are found to be negligible. The major torques are magnetic moment
and eddy current torques and their forms are difficult to define with exact-
ness. Moreover, unpredictable torques, such as those produced by meteor-

oid impacts, produce additional uncertainties in the model. Thus, the
vehicle model is not perfect and the integrated path, in general, departs
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from reality. Additionally, the time pulsesfrom the starmapper may be in
error by some random amount. It is, thus, necessary to consider the sta-
tistics of the timing pulse erro.r in the interpretation of the signal.

Finally, practical considerations of the orbit and the starmapper instrument
design modify the starmapper concept to some extent. A circular, sun-
synchronous orbit was chosen for the radiometer experiment. This orbit
is such that the vehicle is in the sunlight almost 70 percent of the time. To
see stars during this time, the starmapper would require a baffle with an

attenuation on the order of 10 -12 . Present state of the art in the design of

baffles makes it difficult (if not impossible) to guarantee that this attenuation
can be met. Thus, the starmapper may be useless during most of the orbit.
The model uncertainties and the accuracy requirements on the attitude deter-
mination rule out attitude prediction over this part of the orbit. Thus, some
kind of attitude measurements must be made.

The measurement problem is resolved by introducing a sun sensor into the
starmapper concept. This device produces signals, comparable to those of

the starmapper, whenever the sun crosses the field of view. The difference

in observations is that the sun sensor sees but one body.

The problem may now be redefined as that of estimating the vehicle attitude,
as a function of time, on the basis of an assumed model, and starmapper and
sun sensor time pulses.

The chosen approach to the problem is first to set up the model differential
equations as accurately as possible, in order that the solution approximate,
as closely as possible, the motion of the vehicle. The solution of the differ-
ential equations can be expressed as a function of the initial conditions, the
model parameters, and time. The problem, then, becomes one of finding
those initial conditions and parameters that best explain (in some sense) the
observed star and sun sighting time pulses. The attitude estimate is re-
covered from integration of the differential equations with the determined
set of initial conditions and parameters.

The problem of finding the initial conditions and the model parameters is
termed the initial value problem. The method chosen to solve this problem
defines the ground based data processing algorithm to be used.

Three methods for solving the initial value problem were considered. These
include the Kalman interpolation problem, the Cox nonlinear estimation
problem, and the method of least squares. The Kalman and Cox approaches

have the advantage that model and measurement statistics can be brought
directly into the problem formulation. However, the Kalman approach re-
quires a fairly good reference solution, which may not be available in a
practical situation, and it would be difficult to determine the adequacy of a
given reference. The objective is to determine the best reference solution,
so the Kalman approach was eliminated. The Cox nonlinear approach allows
for a nonlinear solution to the initial value problem. The formulation, how-

ever, leads to a two-point boundary value problem, whose solution would
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require a large (and consequently slow) computer program. The method of
least squares was chosenas the algorithm to be used becauseof its relative
simplicity in comparison to the Cox approach and becausethe method has
beensuccessfully used in reducing similar data in the Scanner program.

The following paragraphs detail the developmentof the least-squares data
reduction algorithm and the resultant computer simulation program. A data
generation program, used to generate star and sun-sighting instants, is also
A_.,_._h,_ _,_,_.... 1._of computer runs to determine feasibility of the star-
mapper and sun sensor instrument combination are displayed. The overall
approachto the attitude determination study is illustrated in Figure 37.

NOTAT ION

Wx" COy, Wz

_,¢,0

t

X

State Variables

Vehicle angular rates along principal body axes

Euler angles relating principal axes to inertial space

Time (independent variable)

State vector with components (_x' _ ' _z' _' ¢' 0)Y

Subscript (o) on state variables indicates initial conditions, usually taken at
t =0.
0

11, 12, 13

A,C

M x, My, M z

M l M I M l
x" y' z

K

K I

¢i' c2' ¢3

Model Parameters

Vehicle moments of inertia along principal x, y, and z
axes, respectively

Moment of inertia ratios, taken as I 1 and 13, respec-
tively, divided by 12

Vehicle magnetic moment coefficients with respect to

principal coordinates

Magnetic moment coefficients divided by 12

Vehicle magnetic eddy current coefficient

Magnetic eddy current coefficient divided by 12

Vehicle offset angles relating experimental axes to prin-
cipal coordinates
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a

Y

The vector (el, a2, ¢3 )

Parameter vector with components (A, C, M' M'
M ' ') x' 'z' K Y

Complete parameter vector with components (Xo, a, _)

Orbit Parameters

Longitudinal of the ascending node

Inclination

True anomaly

f

F

n

6

P

1

t °

t °"
i

t.
I

?

Transit Time Model

Half field of view angle

Constraint equation as used in the generation of transit
times

Unit vector normal to the plane of () and S.
1

Unit vector in direction of the optical axis

Star and slit parameter vector in F

Unit vector pointing to a star

Unit vector pointing to the ith star

Rotational reference time

Initial estimate of transit time for the ith star

Estimate of transit time for the ith star from Newton' s
method

Unit vector pointing from earth center to vehicle (zenith)

Rotation angle of slit plane about optical axis

Angle between optical axis and JE

Earth blocking angle
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Angle between line of sight to star and JSaxis the instant the
star lies in the slit plane

e.1 The angle betweenthe iTMstar and the optical axis () (or jS)

ot

6

Star Parameters

Right ascension of a given star with respect to inertial space

Declination of a given star with respect to inertial space

ii, Ji, k I

io' Jo' ko

iB' JB' kB

iE' JE' kE

is' Js' ks

ira' Jm' km

m-l .... 7

x I

XF,

x E

x S

Coordinate Frames and Vectors

Unit vectors in the inertial x, y, and z directions, respectively.

i I points toward the first point, Aries k I points toward

north pole, and JI completes the right-handed triad.

Unit vectors defining the orbit coordinate frame, i O points

toward the vehicle from the center of the earth (this is the

same as z) and k O is normal to the orbit plane. JO completes

the right-handed triad.

Unit vectors along the body principal x, y, and z coordinate
axes, respectively.

Unit vectors along the experimental x, y, and z coordinate
axes, respectively.

Unit vectors along the slit frame x, y, and z coordinate axe 2,

respectively, i S is normal to the slit plane and JS defines O

Unit vectors for intermediate coordinate frames in the x, y,
and z directions.

A vector (usually a unit vector) with components along the inertial
x, y, and z axes, respectively.

A vector (usually a unit vector) with components along the
principal body x, y, and z coordinate axes, respectively.

A vector (usually a unit vector) with components along the
experimental x, y, and z coordinate axes, respectively.

A vector (usually a unit vector) with components along the slit

frame x, y, and z coordinate axes, respectively.
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Transformation Matrices

E(_, ¢, @) Euler transformation from inertial space to principal body co-
ordinates.

C(_ I'_2' _3)Transf°rmati°n from body coordinates to experimental coordinates.

A(/_,_ ) Transformation from experimental coordinates to slit frame.

A I(_, Y) First row vector inA(_,y), representing direction cosines of
the normal to the slit plane in experimental coordinates.

H(t k, Y)

H

Least Squares

Constraint for k th transit time as a function of parameter

vector y.

Vector of constraints for all transit times in a given interval
of time.

G

J

Matrix of partials of H with respect to y.

Least-squares function to be minimized.

B x, By,

T x, Ty,

q (6 tj)

Miscellaneous

B Earth magnetic field components in principal coordinates.
Z

T z Torque components in principal coordinates divided by 12.

Variance of starmapper (sun sensor) time pulse error.

d
(") Time derivative d--t

(') The prime on a vector or a matrix represents the transpose
of the vector or the matrix.

COORDINA TE FRA ME RELA TIONSHIPS

Inertial Space

All coordinate systems used are referred to a single inertial coordinate frame.
This frame has its x axis pointing towards the first point of Aries, its z axis
pointing toward Polaris, and the y axis makes up a right-handed triad. Let
iI' JI' and k I be unit vectors in the inertial x, y, and z directions, res-

speetiveIy. Then Figure 38 illustrates the inertial coordinate frame in terms
of the unit vectors.
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North pole

JI

First point
of Aries Celestial

Equator

Figure 38. The Inertial Coordinate Frame
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Star Coordinates

The line of sight to a given star is related to inertial space by two angles.
These are a, the right ascension, and 6, the declination. The angles are
illustrated in Figure 39. Usually, the direction cosines of the star line of
sight are used. If S is the vector of direction cosines, then one sees from
Figure 39 that

cos cos:]= cos 6 sin

sin 6

The Orbit Frame

The line of sight from the center of the earth to the satellite is described in

terms of three rotations. The first rotation is angle _ (longitude of the
ascending node) about the inertial z axis. This is illustrated in Figure 40(a).
The second rotation is i (inclination} about the new x axis. This is shown

in Figure 40(b) as an additional rotation. The i 2 and J2 vectors now define

the orbit plane. The final rotation _ (true anomaly) is about the new z axis,
and is such that the x axis in the orbit frame (subscript ¢)) points at the
satellite. Figure 40(c) shows all of these rotations.

Principal Axes Coordinate Frame

The satellite (or body} principal coordinate frame is related to inertial space
by three Euler angle rotations, as illustrated in Figure 41. The angles are
interpreted as yaw (_), roll (¢) and pitch (O). In the ideal situation, angle
would be the same as angle _ in Figure 40, and ¢ would equal (i - 90°).

The body y axis, JB' would be the spin axis, which would then be normal to

the orbit plane.

Experimental Coordinate Frame

The experimental coordinate frame is defined by the starmapper and sun sensor
instruments, which are rigidly attached to the radiometer. This frame is
ideally the same as the body principal coordinate frame. In practice, the two

frames differ by small amounts. Let e 1 , e 2, and ¢3 be three (small} rota-

tion angles relating the two frames. Then the ordering of the rotations from
body principle to experimental coordinate frames is illustrated in Figure 42.
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Figure 39. Relationship of Line of Sight to a Given Star to
Inertial Space
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Figure 40. Relationship of Satellite Line of Sight to Inertial Space
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Figure 42.
Relationship of the Experimental Coordinate Frame to
the Principal Axis Coordinate Frame



Slit Coordinate Frame and Slit Plane

Both the starmapper and the sun sensor instruments are characterized by
slits which have known relationships with respect to the experimental coordi-
nate frame. In the study, the slits were simulated as slit planes, one of
which is shown in Figure 43(a). Two known rotation angles, y and 8, are
required to transform from the experimental frame to the slit frame. The

slit plane is defined as the j$ - k S plane of the slit frame. The field of view

of the slit is limited by the half field of view angle f, as shown in Figure
43(b), which correspond to the instrument field of view.

The slit frame rotates with the body, and the slit sweeps the celestial sphere.

A time pulse is emitted by the instrument (ideally) the instant the line of
sight to a star of sufficient magnitude lies in the slit plane. The geometry at
this instant is illustrated^ in Figure 44. Notice that this figure holds only for
sighting instants since S is fixed in inertial space, and the slit moves as the
vehicle rotates. At the sighting instant, the line of sight to the star lies in
the slit plane, so that angle _ describes the relationship of _ to the slit
coordinate plane. Notice that T]I must be less than f at this instant for the
simulated (ideal) instrument to ergit a time pulse.

89



k E
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Slit plane

Slit plane
iE, i 7 I_ normal

i S
(b)

Slit

Figure 43. Relationship of the Slit Coordinate Frame to the Experi-
mental Coordinate Frame, Showing the Slit Plane and Slit
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Figure 44. Relationship of the Line of Sight to a Star to the Slit Plane

at the Sighting Instant
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INPUT MODEL

Vehicle Model

The differential equations for the vehicle rotary motion may be written as

and

_x = Ttoiytoz (l-C)+ Tx _']i

_y = [toxtoz(C-A)+ Ty]

1

_z = [_x_ _-_' +_]_-

: [-_xS_O+__o_]i___
COS

= to cos 0 + to sin O
x z

= to -_ sin ¢
Y

(5)

(6)

where cox, toy, and toz are angular rates about the body principal axes and

_, _b, and e are Euler angles relating body and inertial coordinates (see
Figure 41),A and C are the inertia ratios

and Tx' Ty, and Tz

]

A = Ii/I 2

f (7)

C = I3/I 2

are the disturbing torques divided by 12. At present, the

torques are taken as magnetic moment and eddy current torques, which have
the largest magnitudes of all the torques studied to date. The torque equations
are

92



= M' B - By+K' ! 2+ BZ2)Ux+B (ByC0y+ B ]_'x y z Mz' -(By x z ¢0z)

: m z' Bx-M'B z+K' [-(Bx2+Bz 2) y+By(Bxu x+B %)]

Tz = M x' By- My' Bx + K' [-(Bx2+ By2) Uz + Bz (BxtOx + BytOy)]

(8)

The coefficients M , M and M are magnetic moment coefficients, K is
x y z

the eddy current coefficient, and the primes indicate that the coefficients have

all been divided by 12, the moment of inertia about the principal y axis. The

dinates.magneticfield components of the earth, B x , By, and Bz are in body coor-

A vector x I in inertial coordinates is seen in the body frame as x B. The

transformation matrix is E (_, ¢, 0), where

x B = Ex I (9)

and

E

(cos ecos_- sin O sin ¢ sin_) (cos O sin _ + sin O sin ¢ cos_)

.

- sin 0 cos ¢

- cos¢ sin_ cos ¢ cos _ sin ¢

(sin0sin_- cos O sine cos _)(sin0cos _+cos O sine sin_) cos 0 cos ¢

10)

Constraint Equation

The constraint equation is a relationship that should hold the instant the line

of sight to a star is in the instrument slit. It states that the line of sight to

the star and the slitplane normal (_ and iS in Figure 44) are orthogonal at
sighting instants.

The derivation of the constraint equation follows that of reference 7. The
transformation from inertial space to the slit coordinate system is first de-
termined. This relates a vector in inertial space to the same vector as seen
in the slit frame. The vector is taken as the direction cosine vector of a star
in these two frames, as determined from Figures 39 and 44. The constraint

equation follows by equating the two vectors through the transformation matrix.

93



We assumethat the experimental packagecoordinate frame is displaced from
the body principal coordinate system, and that the relationship betweenthe
two frames is described by rotations through the three angles¢i" ¢2' and ¢3.
The order-of these rotations is illustrated in Figure 42, and the transforma-
tion matrix is C (¢I' ¢2' ¢3). A vector xB in the body frame is seen as xE
in the experimental frame, where

xE = CxB (li)

and

,[-(cos ¢3 cos ¢ 1 - sin e 3 sin ¢ 2 sin ¢1 )

C =ll - cos ¢ 2 sin ¢ 1

sin ¢3 cos e I + cos ¢3 sin ¢2 sin ¢ 1)

(cos ¢3 sin ¢i + sin ¢3 sin ¢2 cos ¢i ) (- sin ¢3 cos ¢.2) I

cos ¢2 cos ¢I sin e2 ]

(sin ¢3 sin ¢i - cos ¢3 sin ¢2 cos ¢i ) (cos ¢3 cos ¢2) J

(12)

A given slit frame of either the starmapper or the sun sensor is related to the

experimental coordinate frame through rotation angles 7 and _. The order
of these rotations is T about the experimental x axis and fi about the new

y axis (see Figure 43). If x S is a vector in the slit frame and x E is the
vector in the experimental frame, then

where

Xs = Ax E (13)

cos /3

A = 0

sin

sin _ sin y - sin _ cos

cos T sin 7

- cos _ sin cos _ cos 7

The combination of equations (9), (11) and (13) is

(14)
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Let x I be the vector S of direction cosines of a star in inertial space. If the

star has right ascension a , and declination 6 , then

^ [cos 6 cos _ ]
xI = S =Icos 6 sin_ (16)

L sin 6

The slit plane is defined as the slit frame JS " ks

this plane at a particular instant of time, then x S
vector

plane. If the star is in

corresponding to x I is the

x S
0

= COS 17

sin

(17)

where _ is the angle between the line of sight to the star S and the JS axis
(Figure 44).

Equations (15) through (17) can then be written

0

cos _]

sin T]

= ACE

cos 6 coscos 6 sin

sin 5

(18)

which is the vector relationship that must be satisfied the instant the star is
in the slit plane. The constraint equation is the first component of equation
(18), namely

cos 6 cos:l
0 = A 1 C E Icos 6 sin (19)

/

L sin 6
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where A1 is the first row of (14). This equation holds for each of the three
slits in the starmapper (with appropriate values for /3 and _) and for each
visible star in the field of view of the starmapper at the proper instants of
time. It is also used for the slits of the sun sensor with _ and 6 taken
as coordinates of the sun.

Translt Time Generating Program

it is necessary to have a sequence of transit time pulses for the star'mapper
and the sun sensor in order to determine feasibility of the least-squares
data reduction algorithm on the computer. The following paragraphs describ_
a method for finding these transit times. The approach is to first determiv,e
a set of star candidates on the celestial sphere which will be in tilL: field
of view of the instrument. A subset of these candidates is rejected it the
stars are blocked (during a vehicle revolution time) by the earth. Transit
times for the remaining stars are generated from a time estimate and apph-
cation of Newton's method to the constraint equation.

The computer program constructed to generate the transit times is also
described.

Assume that the vehicle is on a circular, near-polar orbit with its angular

velocity vector approximately normal to the plane of the orbit. The major
contribution to the spin rate will be along the principal y axis of the vehicle.

As the vehicle moves along its orbit, an optical system rotates with the ve-
hicle, oriented in such a way that its optical axis sweeps alternately across
the earth and the sky so that part of each revolution is spent looking away
from the earth toward the stars. The portion of the sky in which the optical
system ,:an see stars is the intersection (common region) of the annulus
swept out by the field of view of the optical system and the complement of
that part of the celestial sphere blocked out by the earth. This can be pre-

cisely formulated in terms ofJE, _'' and f as defined in I. Lgure 45.
1

Clearly, the angle between S. and JE must lie within _ + [ and "_ - f in order.
1

to be in the annulus. For the values of _, and f considered, the c+,_ine is a
decreasing function of these angles. Thus to be in the annuIus, the cosine

of the angle between Si and JB (which is Si " JB ) must satisfy the inequality

^

cos (_ + f) < JB " S. _ cos (_ - f) (20)
1

Those star candidates that satisfy (20) must be further limited be, cause some
of them are blocked by the earth disk. Now the zenith direction _ points away
from the center of the earth, and thus defines the center of the open region of
the celestial sphere. This open region is defined by the circle of radius F
on the celestial sphere. Since the cosine function is a decreasing function of
its argument, it follows that the inequality
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Celestial sphere
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Annulus of star
candidates not
blocked by the earth

Z

i E

Portion obscured by earth

Star candidates

]3= Slit plane rotation angle about optical axis

_= Earth blocking angle

f = Half field of view

_, = Angle between optical axis and JE

ii= Inertial x axis unit vector

JE = Experimental y axis unit vector

= Angular velocity vector of vehicle

= Optical axis

_i = Star position

= Zenith direction through vehicle

k_ = Inertial z axis unit vector

Figure 45. Scanning Geometry of Starmapper

97



^

S. " z a cos P (21)
1

must be satisfied for the star to be within the circle of radius I" on the

celestial sphere, and hence, visible to the starmapper if the star is of suf-

ficient magnitude. The intersection is further limited by requiring the instru-
ment field of view to be interior to the restricted region if a star is observed

(see Figure 387.

Let t ° be a time just prior to the time that the instrument field of view enters
the restricted region. To estimate the transit time of a star candidate
^ ^

S. satisfying (20) and (21), observe that 0. , the angle between S. and the
1 1 1

optical axis _D , is the approximate angle through which the vehicle must
turn in order to bring the star into the instrument field of view. The time it
takes for this to happen is approximated by the angle O. divided by the

^ 1

angular rate normal to the plane of S. and () The normal is determined
from 1

sin 8. fi = 6 x S. (22)
1 1

and 8. is determined from the dot product
1

cos 0. = O.S. (23)
1 1

^ ^

since O and S. are unit vectors. From the definition of t ° and the above
1

discussion it follows that the approximate transit time is given by

0. 8. sin 8.
o 1 1

t. = t ° + 1___ = t ° +

^ (6 gi1 tO -lq tO • X )

(24)

An algorithm to give the exact transit times can now be constructed. For
convenience, equation (19) is written as follows:

F(T, _, 5, a, ¢, _/, O) = F(p, ¢, _, 0) = 0 (25)

where for a given star the right ascension, _, and the declination, 5, are

constant, and for a given slit, _ and _ are constant. The parameters e 1,

e2, and e 3 have been suppressed in this equation. Assume that ¢ it), _(t),

and O(t) are the solutions to the differential equations (5) and (8). Equation

(25) can be written explicitly as a function of time,

F[p, ¢(t), _(t), 0(t)] = O. (26)
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Expanding (26) in a Taylor series in t. about the point t°
1 1

to the first power in ti gives,

and keeping terms

I i

+ (F_)ti__to (ti - to) + (% _)ti-to (ti - t°i )

(27)

Solving for t. gives
1

t i = t °1
/ F¢¢ +_¢ +F05

-t °
ti- i

(28)

In view of equation (19), this becomes

t i = t °1

AICE

,cos 6 cos

cos 6 sina )
sin 6

AIC(E¢¢ + E_ + E0_})

,cos 6 cos a,

(cos6sin_).
_' sin O

(29)

This algorithm is to have the following interpretation. Starting from the

initial time, to, solve the differentia] equations (5) and (6) out to t = t°l

evaluate the time increment

AICE cos 0 cos

0t\

cos 6 sin _
/sin 6

A1C(E¢¢ + E,_ + E00 )

,cos 6 cos \

cos 6 sin _

!sin 5

and

(30)
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If this time increment is sufficiently small, the solution is complete; if not,
continue the solution of the differential equation out to the new time given by

the right-hand side of equation (29) and again test. This procedure is repeated
until the system converges. Continuing in this manner for each star candidate,
the exact transit times for one sweep of the sky can be computed.

To bring the optical system again into position to make another sweep, it is
observed that the time taken by the vehicle to make one complete revolution

is approximately

At - 2n (31)

so that an estimate of the beginning time for the next sweep is

2Tr
t = t°÷ (3.)

I_01

The flow diagram corresponding to the above discussion is shown in Figure 4t;

Output from the computer program includes transit time, right ascension and
declination of sighted star (or sun), slit viewing the star, and the state vector

(Wx' Wy' _°z' _h, ¢, 0) at the transit time. An initial set of output (once per

run) identifies the vehicle, the starmapper and sun-sensor parameters, and
the orbit.

Star Catalog

A list which gives the right ascension, declination, and stellar magnitude of
all the brighter stars must be provided. The right ascension and declination
obtained from this list are of necessity at a given epoch. Hence, a method of
updating these quantities must be given. The updated declination and right
ascension should be accurate to within one arc second so these quantities can

be assumed to contribute negligible error.

Stellar magnitude is a number which indicates the relative intensity of a star.
More precisely,

where

m = stellar magnitude

I =_0j F(_) K(_) dk

I
m = - 2.5 lOgl0_ (33)

o
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OO

I° =J0 Fo(X) K(X) dX

K(k) = instrument response as a function of wavelength

F(X) = stellar intensity as a function of wavelength

Fo(k} = stellar intensity of reference star, i.e., a zero magnitude star

This definition shows that the magnitude of a star depends on the instrument
used to observe the star. Thus, in performing a star availability investigation,
it would be most accurate to correct the magnitude listed in the star catalog
for the expected instrument response. However, the "photographic" magnitude

is reasonably close to the expected instrument response so that this quantity
can be used in a star availability investigation. Such a procedure is used here.

The star catalog utilized for these studies was the Albany General Star Catalog
which lists 33 342 stars. This catalog yields the "visual" magnitude. A
discussion of the conversion from visual to photographic magnitude is given

by Farrell and Zimmerman in reference 8.

ERROR SOURCES

The error sources which affect the attitude determination may be classified
into three main categories: (1) instrument errors; (2) errors in the mathe-
matical model; and (3) errors due to inaccuracies in the computational process.

Instrument Errors

The time at which a star crosses a slit or the time the sun's disk first

touches a slit is the basic quantity measured by the starmapper and sun
sensor. The principal instrument error is then an error in measuring and
recording such times. A secondary source of instrument error may occur
because of misalignment of the slits with respect to each other, but careful
design and alignment procedures will minimize such errors.

Cons ide ration of the opt ical and detection syste ms implies that a random error
in the determination of the line of sight to a star whose rms error is about
ten seconds oi arc is reasonable. 9or a scan period oI the satellite of 20

seconds, this error yields a corresponding transit time error such that

a(6tj) = 0. 155 x 10 -3 second
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In addition to a random error, the transit time may possess a systematic
error due to an inaccuracy in estimating the delay of the filtered output of
the photomultiplier. These systematic time errors would result in a com-
puted attitude which systematically lags or leads the true attitude. Since
the desired attitude accuracy is I0 arc seconds, the instrument must be de-
signed so the systematic component of the transit time error must be less
than about 0.5 the random error, or some independent method of removing a
constant bias error in the attitude must be established.

Errors in the Mathematical Model

The most general treatment of the attitude motion of a rigid satellite requires
a system of six second order differential equations to describe this motion,
since the translational and rotational motions are not independent. However,
for satellites of small dimensions, this dependence is extremely weak (ref. _).
Hence, the translational motion may be derived by assuming a point mass an(]
the rotational motion derived by assuming motion about the mass center. Thus
when concerned with the satellite orientations, the translational motion.ex-

cept for its influence on the torque applied to the satellite, may be disregarded.

The current model assumes a rigid satellite. If this assumption were not
satisfied, the principal moments of inertia would be functions of time. If
this effect were present but neglected in the model, a quite substantial error
could result. Thus, great care must be taken to ensure that the satellite is a
rigid body in the time interval over which measurements are taken.

The applied torques, however, must be given careful consideration. A func-
tional form for these torques must be assumed, but unfortunately these
torques may not be known with adequate accuracy. To overcome this diffi-
culty, unknown,or poorly known multiplicative constants are applied to the
major torques. These unknowns are then computed as part of the overall
problem. To test the adequacy of such a process, two extreme forms for the
torque may be utilized. One form is used to compute the time of transit
across the slit, the other to recover the attitude which produced these times.

If the recovery is not satisfactory, emphasis must be placed on obtaining a
more accurate model of the torques.

Errors in the Computational Process

An analytical solution to the differential equations which govern the attitude
motion of the satellite does not appear to exist. Hence, a solution through
a numerical solution to differential equations technique or some approxima-

tion technique must be sought.

The problem of obtaining an accurate attitude over a long time duration is not
trivial, even if the initial conditions which define the satellite attitude and the
form of the differential equations are error-free.

The error in solution of the differential equations over the period of the ex-

periments performed in the analysis are neglible, as shown in Appendix I.
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LEAST-SQUARES DATA REDUCTION ALGORITHM

The least-squares data reduction algorithm is developed in the following para-
graphs. It is shown that the solution of the model differential equations can
be expressed in terms of twelve parameters, and that the constraint equation
is a function of these and three more (for a total of fifteen parameters). The

least-squares problem is posed as that of finding those fifteen parameters that
best satisfy the constraint equations at starmapper (sun sensor) time pulse
instants. Since there is no reason for assuming that certain pulse times are
better than others, unity weighting is assigned to each observation. The
normal equations for the least squares problem are derived, and an iterative
method for finding the solution to these equations is developed. This is the
general least-squares data reduction algorithm. Later paragraphs consider
the least-squares problem where some of the fifteen parameters are held
fixed at pre-assigned values. As might be expected, this leads to least-
squares data reduction algorithms of reduced dimension.

General Method

The differential equations (5) and (6) with torques (8} have solutions which

can be expressed as functions of time, th 9 initial conditions, and th_ param-

eters. The initial conditions are the set (_Xo, Wy o, _Zo, _o' ¢o' 0o_ taken

at time t=t o, and the parameters are CA, C, M' x , M', M z, K'}. rne con-
_J

straint equation (19} contains angles _, ¢, and O (through the E matrix) evalu-
ated at specific instants of time. Thus, (19} can be expressed, in part, as a
function of the initial conditions and parameters, and the time instant. Equa-

tion (19) is also a function of the mismatch angles (e 1 , e 2, e3 ), so the com-

plete set of parameters for (19) is the 15 dimensional vector

Y = (taXo" ¢°Yo' tOZo" 1_°" ¢o" 0o" A,C,M x, 1VII, Mz, K t,cl,c2, e 3 ) (34)

and the time instant at which d/ , ¢, and 0 are evaluated. (The slit plane
angles/3 and 7 , and the star angles ot and 6 are omitted in the y vector,
since they are assumed to be known quantities).

Now consider a time interval t <t_T . Let N be the total number of obser-
o

rations of the stars through all the slits during the time interval. Let t k,

k = 1, ..., N, be the observation instants, as seen by the starmapper, at

which (19} is supposed to hold. In general, t k is not the exact instant that

will cause (19) to be true. Moreover, the model differential equations (5)
and (6) with torques (8) may differ from the exact differential equations, so
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that actual attitude may differ from the computedattitude. This could cause
(19) to be violated, even if tk were the exact transit time. In view of this, let
H(tk, Y) be the right-hand side of (19) andconsider the equations

H(t k, y) = R k, k = 1,..., N (35)

The least squares problem to be solved is that of minimizing the sum

J(y) = k_ 1 H(t k, y) (36)

with respect to the fifteen dimensional vector y of equation (34).

The necessary condition for (36) to be a minimum is

N _H(tk, y)
_- S (t k, y)

k = 1 _Yi
= o, i=1 ..... n, (37)

where n is taken as 15. To construct the least squares algorithm, assume a
linear expansion for H of the form

,,, n _ H(tk, y)

H(tk, Y ) = H(tk, y)+ _- Ayj (38)
j=l 5Yj

and re-phrase (36) in terms of the vector Ay. Thus,

N IH n _H(tk' Y) ] 2J(Ay) = k=l_- (tk' y) + j=>-1 _ YJ Ayj
(39)

is the function to be minimized, and the normal equations (37) become

_- _ H(tk' Y) H(tk, y) + _- 5H(tk" Y) 5H(tk'Y)Ayj=0 (40)

k _ Yi k, j _ Yi _Yj

i= 1, ...,n
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In matrix notation, this is

where

GtH+ GtG Ay = 0 (41)

H _

H(t 1' y)

H(_q, y)

_H(t 1, Y) .... _H(t 1, Y)

_Yl _Yn

:

• "t
_H(tN, y) .... _ H( N' y)

Yl bYn

(42)

If the approximation (38) is good enough, the Ay computed from (41) will cause
3(Ay') in (39) to be less than J(0). If Ay is then added to y, and new Ayts are

computed iteratively, the process should converge to a solution which satis-
fies (37). Convergence should be quadratic, since (41) is the Newton-Raphson
method.

To determine the partial derivatives required in (42), notice first that

H(tk,Y), may be differentiated directly with respect to the mismatch angles

el' ¢2' and e3" The other partials are evaluated from the expression

where _, ¢, 0 and their partials are evaluated at t=t k, b is one of (¢0Xo, _Yo'

I # t)_z _/o' ¢o'0o' A,C, lVI_, My, M z, K and g is the vector in (19). The
o

partials of _, ¢, and 0 come from solution of linearized versions of equations

(5) and (6) with torques (8). For convenience,_ let x = (_x' _y' _z' _V, ¢, 0)

and let a = (A,C, M x, My, M z,' K ).

Then equations (5) and (6) with torques (8) have the form

= (44)= f(t, x, a) , x (t o ) x o

and the corresponding linear differential equations are
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d 8x _ 8f 8x ax (to) = I (45)
8x° 8x 8Xo ' --8Xo

cl 8x = 8f Ox + Of 8..__xx(to) = 0 (46)dt 8a 8x 8a 8a ' 8a

Equations (45) and (46) are solved simultaneously with equation (44), and

values at t = tk are used to evaluate (43).

In summary, the method proceeds as follows:

1. An initial estimate for y = (xo, a, e) is provided.

2. Equations (44) through (46) are integrated.

3. At each star observation instant tk, k = 1..... N, the constraint H

and its partials are computed [equation (38) and the remarks above

this equation] and inserted in (42).

4. Ay is computed from (41) after the last observation has been processed.

5. Ay is added to y

6. Steps 2-5 are repeated until _y becomes negligible.

The mathematical flow diagram of their process is shown in Figure 47.

Extension of the Method

In the sequel it will be necessary to consider least squares problems where
some of the 15 variables of (34) are held fixed at known values. The objective

of this section is to develop the normal equations (40) to be used in this event.

Thus, consider the problem of minimizing (36) subject to the single constraint

Ym = Ym
o

where Ym is the fixed value for the m th component of vector y.
o

The time honored approach to this problem is to use Lagrange multipliers
and to minimize the function

(47)

N

F(y) = _ H (t k, y)2 + km (Ym- Ymo)"

k=l

(48)
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Initial guesson
y = (x o, a, c)

Integrate diff equations
(44), (45), (46) to
star observation times

tk, k= l, °°o, N

Update H(tk,Y), G in

equation (42) at star
observation instants

tk, k= I, ooo,N

k> N

Compute Ay from
equation (42)
set y = y + Ay

k_N

Figure 47. Mathematical Flow Diagram of the Least-Squares
Attitude Determination Simulation
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Thus, it is found that

N

H (tk, y) -_j (tk, Y) = 0, j_m
k=1

(49)

and

N

I H (tk, Y) OH8y-'-_ (tk' y) + km
k=l

= 0 (50)

where Ym satisfies (47). Equation (50) can always be satisfied by proper

choice of k m, and equation (49) is the (n-l) - dimensional version of (37).

In terms of the linearized version (39) of the problem, the constraint (47)

becor, es
ay m = 0, (51)

and the function to be minimized is

F (Ay) = j (Ay) + km AYm, (52)

where J (A y) iS defined by equation (39). The solution to this problem is

N

_- OH (t k,y) Y 0H(tk' y) 0H(tk" y)

0y i H (tk, Y) + _-- Oy i 3yj Ayj = 0, i_ m (53)¢.._

k =1 k,j

N
3H(t k, Y) _I(t k, y)

Ayj +k mI 8H(tk'Y) H(tk'Y) + I OYm _Yj
k = 1 Oym k, j

= 0 (54)

with AYm = 0. As before, equation (54) can always be satisfied, and

equation (53) is the (n-l) - dimensional form of (40). In terms of the matrix
notation of equations (41) and (42), only the m th column of matrix G is de-
leted, and (41) is solved for the (n-l) - dimensional vector Ay.

More variables may be made constants by an obvious extension of the results.
The effect is to delete more columns of matrix G and to reduce the dimen-

sion of Ay.
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Other Methods

Two other approachesto the attitude determination problem were considered
in addition to the least squares method: (1) the Kalman linear interpolation
problem (ref. 10); and(2) the Cox nonlinear estimation problem (ref. 11).
Both approaches allow for additive noise in the differential equations (5) and

(6) and in the observation instants tk. These methods were rejected in favor

of least squares for the following reasons.

The Cox nonlinear approach has two major weaknesses:

• Second partials of the solution are required, which requires a large
amount of computer time. The effects of neglecting second partials

are unknown.

The noise term in the Cox difference equation should be a function of
the state vector as well as time. This complicates the two point

boundary value problem, resulting in a larger program and more

computer time.

The Cox (Kalman) linear approach assumes a fairly good reference solution.
In practice, a good reference may not be known, and it would be difficult to
determine the adequacy of a given reference. This reference would undoubt-
edly come from integration of a set of differential equations, whose form
might not correspond to reality. Thus, the solution to the Cox linear problem
might not correspond to reality.

A further difficulty with the Cox approach is that some of the noise in this
problem may not be white noise. For example, the earth's magnetic varia-
tion from the model varies slowly as a function of time -- it is strongly cor-
related from one star sighting to the next. Moreover, some of the variations
are not random functions of time, and these would be difficult to incorporate
in the model. Thus, there is some doubt that the Cox approach is appropriate
for the problem under consideration.

The least squares method has several advantages:

A solution to the nonlinear problem is realized.

Only first partials of the state vector are required, which means
a simpler computer program and faster running time.

Convergence characteristics are similar to those experienced in re-
ducing the Scanner data.

• Results can be easily interpreted.

• Adequacy of the results can be interpreted quite easily.
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Results can be easily refined, for example, by breaking the solu-
tion into two or more subarcs.

A large amount of experience has been accumulated using the
method.

SIMULATION DESCRIPTION

The computer block diagram for the least squares solution of the attitude
determination problem is shown in Figure 48, and the mathematical flow dia-

gram for the process is shown in Figure 47. The program operates in the
following manner. Guesses for initial conditions and parame[ers are read in
from cards. After initialization, the program proceeds to the "real time"
branch of the first test, and then to the first output. The data tape is then
read, to establish the first star observation time. (The data tape is con-

structed by the data generating program described in the previous section. )
Other data on the tape includes star coordinates, star or sun sensor slit,
real time, and the state vector. The state vector is used to establish the dif-
ference between estimated and actual state of the vehicle at the true star ob-

servation instant. The program then proceeds to integrate to the first ob-
servation point. The differential equations include (44} through (46). The

break time (TB) is either the actual time of the star sighting or the recorded
time of the sighting (real time suitable corrupted by noise}. There is also
the possibility that the two times are equal. If TB = real time, then the
difference between estimated and actual state vectors are generated for the
output. If TB = star time, then G'H and G'G of equation (41) are updated for
the observation. If star time = real time, both branches of the block diagram
are taken. The logic is such that both branches must be taken before the first
output is reached. For example, if real time = star time, TB = real time.
After preparing the output, JOP = 1. (JOP is J output). TB is then set to
star time, and integrations proceed to that point. After updating, K = 5,
and JOP = 2. The program then outputs selected data, and reads the next
star observation tape record.

The program proceeds through all observations in the above fashion. After

the last star sighting has been processed, the initial conditions Xo, and the

parameters a and e are updated through equation (41). A convergence
test is then performed. If the process has not converged, the program pre-
pares for another iteration, using updated values.

In the solution for Ay through equation (41), the user has the ability to de-

lete as many variables as he wishes. Thus, solutions for problems with less
than 15 variables are readily obtained.

An editing routine is also included in the program. This allows the user to
select a given number of stars per revolution of the satellite from those
generated by the data generating program, and to add noise to the selected
instrument transit times. The stars are selected on the basis of brightness

(magnitude). If two or more stars have the same magnitude, then the sighting
occurring first in time is selected. The editing routine is used to generate the
input tape for the simulation program.
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Figure 48. Block Diagram for Solution of the Attitude Determination

Problem by Least-Squares
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Physically, the routine exists in two forms. One of these assumes that the
star data is on cards, whereas the other assumes the data to be on magnetic
tape. In the tape version, three times are required as additional input. The
first time is the initial point, the second time is the first observation point,
and the third time is the last observation point. This input makes the tape
version almost as flexible as the card version of the routine.

A listing of the simulation program appears as Appendix J of this report.
tape version of the editing routine is included in this listing, as well as all
subroutines.

The

RESULTS AND ANALYSIS

Experiments Performed

The vehicle is assumed to be in a circular, 500-km orbit about a spherical ro-
tating earth. The date is taken as the first day of spring, so that the sun ia
out the inertial x axis. The orbit parameters (see Figure 42) are taken
as D = 45 ° and i = 97.38 ° .

Figure 49 shows the planar relationship of the sun and the orbit. Only the
bottom half of the orbit is used during simulation runs, since the problem is
mathematically symmetric with respect to a point halfway through the day-
light portion. Therefore, demonstration of feasibility requires only a half an
orbit of data. Also, simulation of a complete orbit would have resulted in
excessive computer usage.

;Computer runs start at t = 0 in the center of the dark side of the orbit
(Figure 49). This corresponds to a true anomaly of "_ = 187. 3° (see
Figure 48). The dividing point between daylight and dark (twilight) is approx-
imately one-sixth of an orbit later, at about t = 940 seconds. Star data is
collected over the interval 0 < t < 880 seconds. Thus, a data gap of about
one minute is introduced in the star data to allow for earth atmospheric re-

fraction of sun rays and earth glow effects on the starmapper optics. Com-
puter results indicate that the solution from the dark side can be extrapolated
over this time period within 10 arc seconds of error.

An additional time gap of one minute is allowed from the twilight point to the
first sun sighting data point. This is sufficient time for the vehicle to rise
above the earth's atmosphere, so that refraction effects can be neglected.
Sun data is collected for the remainder of the half orbit.

Initial conditions and parameter values at the center of the dark are taken as:

_0 = .2094 deg/sec
x

o

¢0 = 18 deg/sec
Yo
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w = 0
z

o

_o = 45 deg

¢o = 190 deg

O° = 180 deg

I 1 = 54.68 slug - ft 2

12 = 65.62 slug - ft 2

13 = 54.68 slug - ft 2

e I = 0 deg

c2 = 0 deg

c3 = 0 deg

Values for Mx, My, M z and K are discussed below.

From the initial conditions and parameters, it can be shown that the vehicle

is symmetric (I 1 = I3), that it spins at roughly 3 rpm about the principle

y axis, and that the cone angle is about 0.7 degrees. From the orbit param-
eters, the spin vector is misaligned with respect to the orbit normal by about
2.6 degrees.

The torque equations (8) may not represent the exact torques acting on the
vehicle. Reasons for this are (1) that the forms of the torques may only
approximate the exact forms for magnetic moment and eddy current torques_
(2) the earth's magnetic field is known to about +1 percent of the computed
value, and (3) additional torques have been neglected. To simulate these
effects, the magnetic field components (in local vertical coordinates) are
perturbed in the data generating program by the amounts

AB
x L

AB
YL

AB
z L

= (a 1 sin ¢01 t) BXL

= (a 2 sine02 t) B
YL

= (a 3 sin _)3 t) B
z L

(55)
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The rates ¢_1' w2 and w 3 correspond to periods of 1/2, 1/3 and 1/5 of an or-

bit to simulate long period effects, and values for a 1, a 2 and a 3 are dis-

cussed below.

it is also l_own that the magnetic moment coefficients Mx, My, and M z

have different values during the sunlight portion of the orbitthen they do
over the dark part. To simulate this effect in the data generating program,
the values of the coefficients are perturbed at the twilight point by the
amounts

AM = .05 M
X X

bM = -. 05 M
Y Y

AM = .05 M
Z Z

The data generating program generates star crossing instants for" the star-
mapper over the dark portion of the orbit to the twilight point. Stars down
to 3.4 magnitude are used. The sun-sensor slits are then used to generate
sun data for tile remainder of the orbit.

During runs of the least squares attitude determination program, it became

evident that the offset angle z 3 in (34) was difficult to determine. The

reason for this is that the last column of matrix G in (42),representing par-

tials wtth respect to _3' is approximately the same as the column contain-

ing partials with respect to 0 o. This is especially true when ¢1 = ¢2 = 0.

In this case 0 and c3 are additive rotations about the same axis. The

vehicle is also nearly symmetric, which aggrevates the situation. The re-
sult of these factors is to make the matrix G'G nearly sb_g_nar, so that poor

estimates of 0 ° and e3 are obtained. The angle c3 was consequently set

to zero during the runs described below.

It is recognized that c 3 may be important for the satellite under considera-

tion. Appendix K describes a method that might be used to determine this
angle.

Runs of the least squares data processing program are split into two parts,
one for the dark part and one for the sunlit part of the orbit. Thus, star
data (suitably edited) is used to determine the attitude from the center of the

dark to approximately one minute before the twilight point. Results obtained
to date during these computer runs are discussed first. The converged terminal

conditions for these runs become the initial conditions for the sunlit portion
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of the orbit. Since a complete solution to the attitude determination problem
cannot be obtained from sun sightings alone, problems with reduced dimen-
sion are considered for this part of the orbit. Experiments to determine the
dimensionality of the problems, and the attitude results obtained are discussed
below.

Another possibility is that of finding a solution to the attitude determination

problem for the full half orbit using all data collected. In Appendix L, feasi-

bility for this approach is demonstrated for the no torque problem. Such a
solution for the torqued problem is valid only if torque uncertainties are suf-

ficiently low. No experiments were performed on the computer to determine

if this is so, since computer time for the solution would have been excessive.

Star Sighting Results

Several computer runs were made to test the adequacy of the least squares
approach to the attitude determination problem. The effects of model pertur-
bations, residual magnetic moment and eddy current torque levels, and num-
ber of stars sighted per revolution were examined. The starmapper para-
meters for these runs are given in Table 5.

TABLE5.

Slit

- STARMAPPER PARAMETERS

/_, deg

-20

0

20

)4 deg

90

90

90

During editing of the star sighting instants, only one noise set was used. The
length of the set was determined from the six star per revolution case. When
fewer stars per revolution were simulated (four stars and two stars) noise
values at the bottom of the set were deleted.

Several of the computer runs are discussed below. All runs have 14 variables

and converged to solutions.

Case I: six stars per revolution. -- The parameter values

M = M = M = 5.16x 10
x y z

-6
ft - lb/gauss

K = 1.42 x 10 -5 ft-lb - sec/gauss 2

and magnetic field perturbation constants
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al = a 2 = a 3 = 0.02

were used to generate the star sighting instants. Data was edited to obtain

the six brightest stars per revolution.

The residual magnetic moment vector has a 0. 1 amp-turn-in 2 magnitude with

'equal components along each of the three body coordinate axes. A 1 amp-turn-
2

m residual corresponds to measured moments gathered on the early Tiros

spacecraft. Further study has shown that the HDS spacecraft is magnetically
cleaner than Tiros because of the nature of the solar-cell configuration on
Tiros. Current loops on the Tiros are changing due to the unsymmetrical
illumination of the spacecraft and the spin of the spacecraft.

The eddy current coefficient was selected based on spin down data of various
satellite programs. The value given is i/2 of the derived value. In gene_'al,

the spin down criteria is that the spacecraft will reach I/2 of the initial spill

rate in 100 days of operation. Using this criteria, the eddy current coeffi-
cient was derived for analysis. Techniques may be applied to reduce the

effect of the eddy currents by designing to reduce the magnitude of the eddy
current coefficients.

Output from the least squares program included differences in angles at the
true star sighting instants. The angles from the data generating program
represent true angular relationship of the body principle axes with respect
to inertial space'see equations (9) and (10)]. They also relate experimental

axes to inertial space, since the offset angles c I and ¢2 have been assumed

to be zero. In the attitude determination program the computed angles rel_te
principal axes with inertial space. It is the differences between these angles
that appear in the output. The extreme values of these differences after
convergence and over the entire run(848 seconds)are given in Table 6.

TABLE 6. - EXTREME ERRORS IN EULER ANG[.ES
RELATING PRINCIPAL AXES TO INERTIAIJ_

SPACE AT STAR SIGHTING INfi_TANTS

A _ arc sec

Max. I Min.

-3.04 I -13.25

!

A¢ arc sec ] A0 arc sec

Max. I Min. I Max. [ Min.

4.21]-5.9010.311-3.75

The least squares program provides a very accurate fit to the data. Angles
and _ are well within required bounds, so far as tangent-height calcula-

tions are concerned, and angle 8 (the angle of interest) is in error by less
than 4 arc seconds.

The converged values for the offset angles were calculated as:
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¢1 = -.0021 deg

e2 = -. 0014 deg

This means that the experimental axes are misaligned with respect to the
principal axes, so far as the attitude determination program is concerned.
To estimate the errors for the experimental axes, consider new angles
g/', ¢', 0' which relate experimental coordinates to inertial axes. Then
from (9) through (11)

E(_', ¢', O') = C(¢ 1, ¢2 ) E(_, ¢, O) (56)

where E is computed assuming _', ¢', and O' rotations in the same order
as for _, ¢ and 0.

Now let

¢' = ¢+5¢

O' = O+6O

(57)

Then if el, e2, 6_, 5¢,and 60

solved to give

are assumed to be small angles, (56) can be

6@ - 1 [ c cos O - e 2 sin O] (58)cos _ 1

6¢ = c 1 sin 0 + ¢2 cos 0 (59)

60 = - 6_ sin ¢ (60)

5_, 6 ¢,and 6 0 are correction terms which, when added to A_U, A ¢,and A0,
determine angular errors in the experimental axes of the vehicle. Typical
errors in the pitch angle (sum of (60) and A 0) are plotted in Figure 50.
The upper and lower envelopes (dashed lines) represent the values of maxi-
mum and minimum errors at star sighting instants. The curves joining the

envelopes (solid lines) are the errors over star sighting intervals. Time be-
tween these curves represents the rest of the rotation period of the vehicle,
over which no data is available from this program.

The moment of inertia ratios were calculated as-

A = .83325

C = .83333
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as compared to the ideal value . 83328 used in the data generating program.
The vehicle thus turned out to be nearly symmetrical, and the star observa-
tions determined the inertia ratios quite well. However, the magnetic
moment coefficients were calculated as:

M = -3.58 x 10 -5
x

M = 3.87 x 10 -6
Y

M = 5. 17 x 10 -5
z

as compared to 5. 16 x 10 -6 ft - lb/gauss. Thus, the magnetic field pertur-
bations caused the program to compute drastically different values for these
quantities to best explain the transit times of the stars. The eddy current
coefficient K was correctly determined in this case. However, other re-
sults (see below) indicate that the value of this quantity is also juggled

somewhat by the program to best explain the data. (Of course, M x, M My' z

and K can be computed only if 12 is known. The program finds M x .....

K', which are the coefficients divided by 12. Values given above are pre-

sented only for comparison purposes. )

Case II. - This is the same as Case I above, except that the editing rou-
tine selected the four brightest stars per revolution. The extreme errors in
angles relating principal axes of the body are shown in Table 7. It is evident
that the spread in the results is larger than fur Case I, although still well
within bounds. The larger spread is also seen in Figure 51 , where errors
in the pitch angle relating experimental coordinates to inertial space are
shown. Parameter values obtained for this case are:

Case

TABLE 7.

I

II

III

IV

V

A_; arc sec

Max.

-3.04

9.41

86

1.85

0.24

Min.

EXTREME ERRORS IN EULER ANGLES
RELATING PRINCIPAL AXES TO INERTIAL
SPACE AT STAR SIGHTING INSTANTS

A¢, arc sec A0, arc sec

Max. Min. Max. Min.

-5.90

-8. 1

i00

-9.96

- 13.56

0.31

1.14

18.15

3.44

5.73

-13.25 4.21

- 16.83 2O. 23

40 129

- 14.4 5.99

-2O. 38 6.94

-3.75

-6.47

8.76

-5.84

-6.08
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eI = -.0059deg

¢2 -- -.0012deg

A = . 83420

C = . 83235

M x -6.42 x 10 -5 ft-lb/gauss

5.84 x 10 -6 ft-lb/gauss
My =

Mz-- 1.61 x 10 -4 ft-lb/gauss

K -- 1.44 x 10 -5 ft-lb/sec/g auss2

The offset angle el is about three times that for Case I, whereas e2 is a

little better. The vehicle is not as symmetrical as before, but good values
for the inertia ratios are obtained. The magnetic moment coefficients are
somewhat less well determined than in the case examined above and K is still
well determined. On the basis of these results, it is concluded that four

stars per revolution can be used to determine attitude within the required
accuracy.

Case III. - This is the same as Cases I and II, except that two stars per
revolution are assumed.

The principal axis angular errors of Table 7 show large biases. However,
the offset angles are quite large, namely,

e 1 -- .036 deg

e 2 = -. 0193 deg,

and these with corrections (58-60) cause the experimental axes angle errors to
be small at star sighting instants. This is shown, for a few calculated points
along the trajectory, in Table 8. The same conclusion is evident in Figure 52

TABLE 8. - EXTREME ERRORS IN ANGLES RELATING
EXPERIMENTAL AXES TO INERTIAL
SPACE BASED ON A SPOT CHECK OF RESULTS

A@, arc see I A¢, arc sec IMax. I Min. Max. I Min.

42112318 h 28 j

/k O, arc sec

Max. I Min.

3. 6 -5. 15
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where the pitch angle error alone is shown. Also shown in Figure 52 is a
possible worst case error between star sighting instants. This was derived
by assuming long term variations of the pitch angle error to be within the
error envelope, and then superimposing the solution from (60). In the actual
situation, there are probably compensating effects that lessen the overall
error somewhat. However, these results indicate that two stars per revolu-
tion do not yield sufficient accuracy for the attitude determination problem.

Other results for this case are

A = .83356

C = . 83301

M x = 1.74 x 10-3ft-lb/gauss

M = -9.58 x 10 -6 ft-lb/gauss
Y

M z = 2. 36 x 10 .3 ft-lb]gauss

K = 1. 54 x 10-5 ft-lb-sec/ gauss 2

The moment of inertia ratios are still well defined, but the other values are

drastically different from those used in the data generating program.

Case IV. Six stars per revolutions are again assumed, and parameter
values used in the data generating program are:

M __

X

K

M = M = 5. 16 x 10 .5 ft-lb/gauss
y z

= 2.86 x 10 .5 ft - lb -sec /gauss 2

a 1 = a 2 = a 3 = .05

The magnetic moment coefficients are a factor of 10 larger than those used
in the previous cases, to correspond with those estimated for the early Tiros
spacecraft. Th e eddy current coefficient is twice that used previously, and
this is the estimated value based on several satellites. The magnetic field

perturbation is 5 percent instead of the 2 percent of the previous cases.

Table 7 shows the principle axis angular errors obtained. These are seen to
be within bounds, although not as good as the results obtained for Cases I
and II. Angular errors for experimental axes are similar to those of Figure
44 (although somewhat larger), so are not plotted. Other parameter values

are:

= 0031 deg¢1 -"

= -. 0015 deg
¢2
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A = .83296

C --- .83363

M = -1.56 x 10-5ft-lb/gauss
x

M = 4.95 x 10 -5 ft-lb/gauss
Y

M = 1.46 x 10 -4 ft-lb/gauss
z

K = 2.96 x 10 -5 ft-lb-sec/gauss

The offset angles are somewhat larger than those for Case I, and e I is bette_"
than that for Case II. The moment of inertia ratios are still good. The
magnetic moment coefficients are somewhat closer to their actual values, but
still do not represent reasonable estimates of those used to generate the data.

Case V. - This is the same as Case IV, except that the perturbations of
the earth's magnetic field are reversed. Thus,

a 1 = a 2 = a 3 = -.05

Results for this case are shown in Table 7. The errors show a little larger
spread than those of Case IV, but are within bounds. Other parameters ob-
tained are:

e I = -.0031 deg

e 2 = -. 0016 deg

A = .83291

C = .83368

M x = -3.06 x 10 -5 ft-lb/gauss

M = 4.74 x 10 -5 ft-lb/gauss
Y

M z = 1.07 x 10 -4 ft-lb/gauss
2

K = 2.75 x 10 -5 ft-lb-sec/gauss

Fhese compare favorably with those obtained in Case IV, and show how sen-

sitive Mx, My, Mz and K are to the magnetic field perturbations.

Fr'om the results of Cases IV and V, it is concluded that a wide range of
parameter variations can be tolerated in the vehicle and model with little
effect on the accuracy of the attitude determination (at least at star sighting
instants).
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Summary of Results

The pitch angle• in all cases, was determined better than the _ and _ angles.
This is due primarily to the greater sensitivity of the starmapper about the
spin axis. The results also showed that the two-star configuration does not
appear to be adequate for the required estimation accuracies. The four star

configuration does provide an adequate estimate. The six-star configuration
provides yet a better estimate of the vehicle state. This is due to the greater
number of data points collected per revolution of the spacecraft.

Conclusions

Feasibility of attitude determination by the method of least squares
is established.

Four stars per revolution give adequate results, whereas two stars
per revolution are not enough.

Large parameter variations can be tolerated.

Numerical integration of the differential equations is too slow.

Additional Work to be Accomplished

A method for speeding integrations must be found.

Computer runs to date should be repeated with different noise spans
to determine variance of the results.

Maximum errors between star sighting intervals should be determined.

Effects of other model perturbations should be ascertained.

Sun Sighting Results

General. - The first problem to be solved is that of determining which of
the 15 parameters in (34) can be found from observations of the sun. The
approach to this problem is to apply the implicit function theorem to the nor-
mal equations (49)• where more than one variable may be made an indepen-

dent variable. According to the implicit function theorem, the matrix of
partial derivatives must be examinated for singularity, and individual ele-
ments of this matrix are expressed as

N 52 H (tk, y) N _i(tk, y) 5H(tk, y)

_H (t k,y) +_ _Yi _3_j
k=l _Yi _YJ k=l

• i, j=l ..... m<n.
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If the model and the transit times are perfect, then each H(tk,y), k = 1 .....

is zero. The matrix then reduces to the product G'G, where G is defined

in (42), and where selected columns of G have been omitted since they cor-
respond to the independent variables. If the matrix is nonsingular, then the
normal equations can be solved for the dependent variables in terms of the
set of independent, or omitted, variables.

The _natrix can be examined for singularity in only the simplest of analytic
problems. For the torqued case of interest, the matrix must be examined
numerically. Consequently, a computer program was constructed for this

purpose.

N

The program starts with the complete 15 x 15 matrix. The vector G'H of
equation(41) is also in memory. An input card specifies the rows and colunm_
to be deleted. After the matrix and vector have been condensed, the program

performs the four tests described below.

1. The solution to equation (41) is computed. The pivot elements are

output during the Gauss-Jordan reduction as an aid in estimating
which rows (or columns) are dependent.

2, The solution is multiplied by the condensed matrix and compared
with the condensed G'H vector. This indicates the quality of the

solution.

3. The minimum rank of the condensed matrix is determined.

For each numerical operation performed in the Gauss-Jordan reduction, a
parallel calculation of the maximum error in that computation is made and
stored. When the errors in the elements of the working matrix become greater
than or equal to the elements yet to be processed, the reduction is halted,
and the rank is said to be equal to the number of rows (and columns) processed.
The original matrix is assumed to be perfect. A number equivalent to 1/2
of the least significant bit in the computer is required for th¢_ estimate of
roundoff error.

4. The eigenvalues of the symmetric matrix are computed. The
method is a highly accurate one developed by Householder. The
eigenvalues are examined to see if there are any close to zero,
and to see if they are all positive.

A listing of this program is included as Appendix M.

The above program was used at various stages of the development to deter-
mine sets of parameters for the solution. The approach was to generate the
least squares equations for a given slit geometry, and then to examine the
system for" several likely cases. The parameter sets were selected from the
results.
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Conclusions from these studies are:

A single, two-slit sun sensor produces a least squares matrix with a
maximum rank of 12. Thus, 12 variable solutions are possible.

Two, two-slit sun sensors (4 slits total) produce a least squares
matrix with rank 13. Thus, 13 variable solutions are possible.

• One of the initial angles (_o' _bo or Oo) can always be deleted

without reducing the rank of the matrix.

The slit parameters were taken as those of slits 1 and 3 (Table 5) of the
starmapper during runs of the data generating program and the least squares
attitude determination program.

This slit configuration is illustrated in Figure 53, where the vehicle is pictured

as a spherical body.

In Figure 53, the JE axis is the outward normal.

The slits join together on the k E axis. As the vehicle spins about the JE

axis, the sun-line traces the dotted line on the spherical skin of the vehicle.
For the single sun sensor, the field of view is blocked off to the left of the

iE - JE plane. In the four-slit design, the field of view was widened out to

180 ° so that the sun would cross each slit twice per revolution.

It is recognized that other sun sensor designs may be more practical. The
objective of the studies was to draw conclusions about a geometry that would
carry over to other slit configrations, without necessitating a major re-
programming effort on the data generating program.

Several of the computer experiments performed are described below.

Six variable solutions. - Solutions for six variables were obtained for
three different runs. The initial conditions for these were taken as the ter-

minal conditions for cases IV, V, and II above, respectively. The variables

were (wx , w , w z , Oo, My, M So Yo o z ) and the constants (not changed) were
!

(_o' ¢o' A, C, M x" K', el, e2). Runs extended over 1/2 of the sunlit part

of the half-orbit (see Figure 49), since computer time for the total light
portion would have been excessive.

!

Table 9 summarizes the extreme differences in principle coordinate angles
for these runs.
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Figure 53. Slit Configuration for the Sun Sensor Studies
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TABLE 9. - EXTREME ERRORS IN ANGLES RELATING
EXPERIMENTAL AXES TO INERTIAL SPACE
FOR 6 VARIABLE SOLUTIONS

A_, arc sec A_, arc sec A@, arc see

Star
case Max. Min. Max. Min. Max. Min.

IV

V

II

2.44

12.7

45.83

-43.64

-32.99

-41.55

-8.33

12.61

2.04

-56.46

-12.93

-41.59

-11.54

17.75

6.99

-31. 65

- 1.24

-37.94

Two slits were used in Cases IV and V, whereas four slits were assumed for
Case II. It is seen that six variables do not give sufficient freedom to shape

the path to the data, even when four slits are used. It is also significant that the
magnetic moment coefficients, the eddy current coefficient, and the magnetic
field perturbations are smaller for Case II than they are for either of Case IV
orV.

Twelve and thirteen variable solutions. - Several runs were made assum-

ing the star Case II terminal values to be the starting initial conditions. Four
slits were used, which allowed solutions in terms of 13 variables. The results
are summarized in Table i0 in terms of angular errors in principle coordinates.
All runs except the last one are for i/2 the sunlit part of the half orbit.

TABLE i0. - EXTREME ERRORS IN ANGLES RELATING
EXPERIMENTAL AXES TO INERTIAL SPACE
FOR 12 AND 13 VARIABLE SOLUTIONS

Variables held
Run fixed

i,

I

II _o

III _o

IV _o' ¢o

V 0
O

VI 0
O

Max.

arc sec
Min. I A ¢, arc secMax. ] Min. A 0, arc secMax. Min.

0.40

10.21

21.39

21. 52

15.06

5.38

- 0.41

8.88

- 8.05

-15. 11

-15.05

- 7.46

0.41 -0.41

55. 66 54.47

49.47 29.76

28.07 4.94

11. 17 -9. 19

-1.79 -9.84

0.08

55.88

48.04

27.37

9.53

0.40

-0.08

53.36

31.30

6.82

-7.26

-11.58

Run I assumes a perfect model and no noise. It was included to show that a
thirteen variable solution is obtained. Run II is the same run, except that
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the model is no longer perfect. The angular errors have biases, although the

spreads are very small. No explanation for the bias was found. Errors in
angular rates are measured in terms of hundredths of arc second per second.
RunIIladds noise to the sun transit times. It is seen that the angular bias

becomes less and that the spread in extremes becomes larger.

In Run IV, angles _o and @o are held fixed. A somewhat better bias is ob-

tained, but a bigger spread is found. Evidently it is best to allow as much
freedom as possible to the least squares process.

Angle _o was held fixed in the above runs because an error in this quantity

does not affect the solution for 0 significantly (i. e., is a second-order
error source). In fact, in the no torque case, the effect is to cause a bias in

alone, without changing the rest of the solution. However, the constraint
equation H is sensitive to _, so that poor results are obtained, even though
the analytic solution to the no-torque case does not show this effect.

However, the value of e is accurately determined from star observations.
o

Holding this constant should result in more accurate results. Runs V and VI
demonstrate that this is so. Run V extends half way through the daylight

part of the trajectory, whereas Run VI extends all the way. It is seen from
Table i0 that the errors and the spreads in _ and ¢ are smaller for the
longer run. Although the spread in the @ error is less, the bias is larger
in this case. A further comparison of the two runs is made in Table ii.
Without exception, the parameter values are better for the longer run.
The reason for the better accuracy may well be that twice as much data is
processed to find the solution, resulting in better smoothing characteristics.

TABLE ii. - ADDITIONAL RESULTS FOR RUNS V ANDVI

¢ 2 A

.0033 ° .83345

.0006 .83323

.83_11

.83334

M x

1.01 x 10 -4

4. 51 x 10 -5
My [ M z

10 -6 6. x 10 -44.48 x 7_6

4.83 x 10"5_._ 2.50 x 10 -4

1.46 x IO -5

1.44 x lO -5

Figure 54 shows the pitch angle error for the experimental frame over a se-
lected time period for Run VI. Data points are given and the dashed line repre-

resents the limiting values obtained. The data appears to be fairly well bounded
by these curves, as examination of the slopes of the connecting line segments
yields flat slopes (maxima and minima) for at least one ,qet of data.
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C ONC LUSIONS

Feasibility is indicated for the sun sensor, from the standpoint of a 13-
variable solution. However, further effort is required to:

• Optimize the sun sensor design

• Establish confidence in the results through additional computer
runs

• Determine effect on accuracy of more slits

• Determine effect of different noise spans on accuracy

• Determine effects of larger model perturbations on accuracy

• Determine effects of other model perturbations on accuracy

134



OVERA LL CONC LUSIONS AND RECOMMENDATIONS

CONCLUSIONS

The problem of estimating vehicle attitude from starmapper and sun sensor
instrument time pulse measurements was considered. An a posteriori
data processing algorithm was postulated for the solution of this problem,
since real-time knowledge of precise vehicle attitude is not required. It
was also noted that the interpretation of the instrument measurements in
terms of attitude requires a model for the vehicle motion.

The approach chosen for solution of the attitude determination problem was
the method of least squares. The solution of the model equations of motion
can be expressed in terms of time, the initial conditions, and the model
parameters. The least-squares problem was posed as that of determining
those initial conditions and parameters that best explain the observed se-
quence of starmapper and sun sensor time pulses. An algorithm for the
solution of the problem was derived and programmed for the digital com-
puter. This algorithm has the advantage over other algorithms considered
of being conceptually simple and readily implemented.

Simulation results show that the least-squares data reduction algorithm is

entirely satisfactory for starmapper observations. It also appears to be
satisfactory for use with the sun sensor data usage concept considered. Com-
puter results for this case are sparse, at present, and more work on the
definition of the sun sensor instrument and data requirements are necessary
to verify this conjecture. In any event, there is no evidence at this time to
justify the use of a more sophisticated algorithm. Thus, retention of the
least-squares data reduction algorithm is recommended for future studies.

The model differential equations of motion cannot be integrated in closed
form, so the RungeoKutta method was used in the simulation to generate the
solution. The numerical integration process was found to be satisfactory
from the standpoint of accuracy, but it was exceedingly slow. The simulation
program ran about three times real time on the H-1800 computer and a little
faster than real time on the CDC6500 computer. It is evident that some

method must be found to speed the integration of the model equations, or to
approximate the solution with speed and accuracy, before further work is
done.

The available methods for speeding integrations in this problem are closely
tied to the choice of state variables. The coordinate system used in the
simulation was chosen so that the singular point of the differential equations
could be avoided. No simple closed-form solution for the torque-free

problem {surely to be used in the approximation of the solution) is available,
so this coordinate frame and choice of state variables do not lend themselves

to the ready approximation of the solution. On the other hand, the equations
of motion in the usual coordinate frame (in which the inertial z axis is

aligned with the angular momentum vector) have a nice closed-form solution.
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CONCLUSIONSAND RECOMMENDATIONS

Documentedin this report are the HDS orbital characteristics and opera-
tions analyses. These studies include mission profile analysis, vehicle
position determination, data acquisition, and attitude determination. The
objectives of the studies were to evaluateparameters pertinent to each
study area andto relate them to the overall system objectives and thereby,
evolve the conceptual design and operational aspects associated with these
areas of the measurement system.

The mission profile analysis results indicate that a nominally circular,
500-kin altitude, sun-synchronous orbit (97.30 degrees inclination) with

initial ascending node at 3:00 p.m. local time and launch date of 28 October

meets the experiment and system requirements. The WTR is recommended

for the launch site, and a 2-stage Improved Delta (DSV-3N) vehicle was
selected as the booster.

In the position determination studies, it was determined that the propagation
and basic tracking measurement errors using the Minitrack system or the
vhf range/rate tracking system were too large to meet the position
accuracy requirements of this program. Based on extrapolations from past
experience, the S-band Range_Range-Rate system should be capable of pro-
viding sufficient data to give orbit arcs with 3-sigma equivalent tangent
height errors under i00 m exclusive of drag uncertainty. The results of
this study lead to the recommendation that the Range/Range-Rate S-band

tracking system should be used to provide the tracking function for this
program.

The data acquisition study determined that the vhf (136 MHz) STADAN
telemetry link should be used as the primary telemetry link because it pro-

vides the best ground telemetry coverage and satisfies the data bandwidth
requirements. The tone-digital command system is recommended to provide
the command function. The Range/Range-Rate system is recommended for
a back-up telemetry link sinco it is used as the primary tracking system and
is therefore, available for telemetry with minor modifications and additions.
Primary stations recommended for telemetry contacts are College, Rosman,
St. Johns, and Winkfield since they provide adequate telemetry coverage
and will permit transmission of the data to GSFC in the least amount of time.

The approach chosen for solution of the attitude determination problem was
the method of least squares for determining those initial conditions and

parameters that best explain the observed sequence of starmapper and sun

sensor time pulses. An algorithm for the solution of the problem was derived
and programmed for the digital computer. Simulation results show the least-

squares data reduction algorithm is entirely satisfactory for starmapper
observations. It also appears satisfactory for the sun sensor data usage con-
cept _:on_idered. Computer results for this case are sparse and further effort

on the d_:t'initionof the sun sensor instrument and data requirements are neces-
sary I'or verification.
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An approximate solution to the torqued problem is readily obtained. The

difficulty here, however, is that the vehicle operates very close to the

singular point of the differential equations, so that the validity of the approxi-

mation is questionable. It may be that other choices of variables may be
necessary to resolve the approximation problem. Possibilities include

direction cosines, quaternions, and Cayley-Klein parameters.

RECOMMENDA TIONS

The torques used in the simulation program, for the purpose of demonstrating
feasibility, included magnetic moment and eddy current torques. These were
found to be the most significant torquing terms acting on the vehicle. Their
forms do not necessarily represent the actual torques acting on the vehicle,
and more work is necessary in this area to refine the vehicle model. Also,
the effects of flexure on the motion of the vehicle must be ascertained to
determine if this must be considered in the vehicle model. The vehicle was

assumed to be a rigid body in the simulation.

Finally, it was assumed during the study that starmapper time pulses were
matched with stars. In the actual flight this is not so, and some means of
matching the time pulses with the stars must be provided. This is the
star identification problem (also the pattern recognition problem}.

On the basis of the above discussion, it is clear that any program leading to
an operational least-squares data reduction algorithm must contain the
following items :

A method for speeding the integration of the equations of motion
must first be found.

The design of the sun sensor should be established and verified.

A study of the environmental torques acting on the vehicle
should be made to refine the model differential equations of
motion. The effects of flexure should also be ascertained.

A pattern recognition computer program should be developed.

The operational program should be developed and extensively
tested.
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The following recommendations for further study are made:

Further investigate the position determination accuracy and the
horizon resolution degradation as a function of orbit altitude. The
element of concern here is the drag uncertainty at orbits less than
roughly 900 km and the increased sensitivity to angular errors at
higher altitudes.

Refine and updatethe tracking and data acquisition plans as re-
quired whenmore definitive design specifications become
available.

It is recognizedthat the first recommendation for further study canbe
realized only through the efforts at the GSFC. This improvement in orbit
position accuracy will evolve as work on the total orbit determination
process is carried out at GSFC.
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APPENDIX A
ORBITAL ANALYSIS COMPUTERPROGRAMS

This appendix contains the computer program descriptions, listings, and test
outputs for the programs used in the orbital analysis section of this report.
Included are programs: i) SHASTA,which evaluates solar illumination and
sun-angle profiles; 2) TECO, SICOand PICO, which simulate tracking and
telemetry coverage for the STADANstations.

PROGRAM SHASTA

Purpose

SHASTA computes the angle between the normal-to-orbit-plane vector and the
vector toward the sun, the fraction of time per orbit spent within the earth's
shadow, the local true sun time at ascending node, and the angles between the
normal-to-orbit-plane vector and the vectors toward selected stars, all as a
function of time. Circular orbits and a cylindrical earth shadow are assumed.

Method

Once a near circular orbit of moderate or low altitude is established about

the earth, it tends to remain stationary, with constant inclination relative to
the equator, constant altitude, and constant equatorial crossing point with re-

spect to the stellar frame of reference. The primary disturbing influences
which alter this tendency at altitudes below about 30 000 km are molecular
drag and earth oblateness. At altitudes above 400 to 500 km, molecular drag
becomes almost insignificant, and it is this range which will be considered.

The rate at which the node (equatorial crossing point) of a circular earth orbit
secularly progresses eastward due to earth oblateness can be expressed to
first-order as-

= -9. 9958 cos i(1 + hIRE )-3" 5°/day (A1)

where i is orbit inclination (0 < i _ 180°), h is orbit altitude, and R E is

the earth's radius. The node, measured from a reference axis in the equator,

is then f_ = f_o + f_ t whereto is the value of time t = 0.

The unit normal to the orbit plane, I_ , can be expressed in terms of x, y,
and z components as (see Figure AI):
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h = sin i sin
x

h = -sin i cos [_
Y

h z = cos i

The unit vector toward the sun, s, can be expressed as:

(A2)

S = cos (9
x s

S = sin 0 cos i (A3)
y s s

S = sin O sin i
z s s

Where Os is the angle from the x-axis to the sun, and i s is the inclination of

the ecliptic to the equator (about 23.5°). The angle between the orbit normal
and the sun vector, s, xs then:

-1 ^
= cos l h • s l

The angle 0
s

can be evaluated from:

+ 2e sin M
0s = Ms s s

5 2 sin 2 M (A4)
+ T e s - 0so

where:

M s = true anomaly of sun

= (Day of year -2) • (2N [365)

e s = eccentricity of sun's orbit (earth's orbit)

= 0.01675104

0so = Value of 0 s

(0737 hrs.

expression at time of vernal equinox

21 March in 1967)

Similarly, for any star in a direction given by a unit vector
between e and the orbit normal is:

^

e, the angle
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The calculation of shadowtime is made by assuming that the earth's shadow
is cylindrical, i. e., no umbra or penumbra distinction. This assumption is
valid for low or moderate altitudes. The projection of the shadow in the orbit
plane is then, in general, an ellipse. The major axis of this ellipse is
a = RE/sin I] (see Figure A2).

The geocentric angle from shadowentry to mid-shadow point, _¢, can be
found by solving for the intersection of the orbit circle with the shadowpro-
jection ellipse, yielding

y RE2 (RE + h)2 sin2- _]
sin _ = = 2 (A5)

R E + h (R E + h) (i - sin T])

The shadow fraction is:

fsh = _/rr

The local sun time at ascending node is given by

tAN = [tan -1 (hy/hx) - rT/2 - tan -1 (Sy/Sx) ] . 242vh____X

where the expression in brackets is placed in the range (0, 2 rT ).

Input

The sequence of input data cards for SHASTA is as follows. The first card
is a title card and may contain anything in columns 1 - 80. A case descrip-
tion is best used since this data is printed at the top of the first output sheet.
The second card is an orbit, NST card, with data as follows:

Columns 1 - 3 First three letters of initial month, e.g., MAR for
March

4 - 8 Day of initial month (with decimal)

9-16 Initial orbit ascending node on the equator, degrees,
(with decimal) with respect to vernal equinox, or with
respect to sun's longitude.

22 - 24 Letters SUN if orbit ascending node is with respect to
sun's longitude, blank otherwise.

25 - 32 Orbit altitude, n. mi. or km (with decimal).

33 - 40 Orbit inclination, deg (with decimal).
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41-48 Time increment of output, days (with decimal).

49-56 Total length of time, days (with decimal).

57-62 Letters METRIC if altitude is in kin., blank if

altitude is in n. mi. (any characters other than

blanks are equivalent to METRIC).

79-80 Number of star cards which follow (maximum of 10)

(no decimal), e.g. if three star cards follow, 03
is punched in 79-80. May be blank if no star cards
follow.

The third card will be a star card if columns 79-80 are not blank or zero in
card 2. The format of each star card is as follows:

Columns I -12 Name or description.

17-24 Star right ascension, deg (with decimal).

25-32 Star declination, deg (with decimal).

After the appropriate number of star cards (zero to ten possible), a new title
card may follow, etc. Any number of such new cases may be run sequentially.
The last two cards, after all data, should be blank, terminating the run by

sensing an orbit altitude less than I. 0 units.

The time increment in days determines the resolution of the output data. For
orbits which are near polar, a 5-day step may be appropriate; for moderate
inclinations, a smaller step size should be used, since orbit precession,
Equation (A1), approaches i0 ° ]day for low inclinations. The total time may
be any value; generally a year (365.0 days) is adequate.

Output

The program output is shown in Table A1 for a sample case. The top of the
first page lists the input data plus some auxiliary parameters. "HORIZON
DIP" is the angle between local horizontal at the satellite and the earthts
horizon. The output tables are virtually self-explanatory. The "DAYS" are
measured from the initial date, angles are given in degrees.

Computer Requirements

i. Compiler language: Fortran IV

2. Memory requirement: 2245 words

3. Tape units: Common input 5
Common output 9
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TABLE A1. - SHASTA TEST CASE

_ _ _ S H A S T A _ e o
SHASTA TFST C_SE

INITIAL 9_TE
INITIAL A_Co NODF

ORBIT ALTITUDE
oRBIT INCLINATION

TIME INCREMENT

HORIZON DI p

NODAL PRECESSION

PEPlOD

= OCT ?e.O

= 4_.0 DEG REL TO SUN PD5.

= _00,0 KM,
= 97.3_ DEG

= _;Oq DAYS

= 2Z.O DEG

= ,9g DEG/DAY

= Q4o6 MIN

5TAR 1 TWINKLE

STAR 2 LITTLF STA_
RT. ASCo = 270.0 _EG

RT. ASC. = 93.0 9rG
DECL.= -48,0 nEG

_HAO_W ASC NO_E

DAys FRACTION LOC TIME
ANGLE FROM ORBIT NORMAL TO:

SUN ST I ST 2

.0 ._210 14:5Q

5.0 L3210 15: Q

lO.D ,3216 I_: 0

15.0 ._224 I_59
20°0 ._23& 14:59

25.0 .3_51 14:_

30.0 .3267 14:5o

35.0 ._2_5 14:54

40.0 ,3303 !4:52
45.0 .3320 14:_0

50.0 ._337 14:40

55,0 ,_353 14:4_

6O.O ,336_ I_:_3

65.0 .33BI 14:40

70.0 _33)2 14:3B
7_.0 ,_402 14:_6

80.0 ._I0 14:3_
85.0 .3416 14:33

90.0 .34_0 14131

gS.0 .34_3 14:30

100.0 ._424 14:30

]05.0 ._424 14:29
I10.0 ,3422 14:29

115.0 ._4_0 14:30
120.0 .3417 14:30

125.0 '3414 14:31
130.0 .3411 14,32

)35.0 ._0_ 14:34
140.0 ._40& 14:35

145.0 ,3404 14:37

44.6 93.3 78.S

44.6 gO,l 82.q

44.7 86,9 87.3

45.0 83.6 91.7
45.4 80,3 96.1

aS,a 7T,0 100.6

46.3 73,7 I05.1

46,8 70.4 109._

47.4 67.2 11_. _
48.0 64.1 I18._

48.6 61.0 122.9

49.2 5_.0 127._

_9.7 55._ 131.7

50.2 52.5 136,9

_0.7 4q.9 140.3
_I;I 47.7 144.4

51.4 4_.6 145._
51.6 4_,9 152.2

51.8 42,5 155._
51.9 4!,4 15_.6

_.0 40.8 160.9

_Z.O 40.6 16_.2
51.9 40.8 162._

51,8 41.5 161,1
_I.7 42.6 159.0

I,0 44,0 156,1_1.4 45o8 1%Z,7

_1,3 47.8 148.g

51.2 50.I I_5.0

51.I 5_.7 140,a
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TABLE AI. - SHASTA TEST CASE - Concluded

SHADOW ASC NOnE AW'JGLE FRoM ORBIT _IOR_AL TO:

DAYS FR_CTIO_J LOC TIME 5!IN ST I 5T ?

150.0 .3404 14:3d _I,I 55._ |36._
]55.0 .3404 Ia:40 _I.2 _,2 132.3

160.0 ,3406 14:41 51.2 61,2 127.q

165.0 ,_410 14:43 _1.4 64.3 123,5

170,0 .3a15 ia:4_ _I.6 67.5 ]]9.I

175.0 .3422 14:45 _1.9 70.7 114.6

180.0 .3429 14:4o _2.2 74.0 II0.]

185,0 .3438 14:4! _2,6 77.2 105.7
190.0 .3A_8 14:4_ 53.0 80.5 lOl.P

]95,0 ,_45,_ 1484,# _3,5 83,_ 96,7
200.0 .3468 14:48 _4,0 87.1 92.3

205,0 ._47g 14:48 _4.5 q0.4 87,0
210.0 .34_9 14:48 _5.0 93.6 _3._

215,0 i_498 14:47 _5,4 96,7 7O,l

_20.0 i3s07 Ia:4o 55.9 g_._ 74._

225.0 ,_515 14:45 56,3 I02,8 70.5
_30.0 ._521 14:44 _6.7 105,7 66.3

735,0 .3527 14:43 57.0 I08,5 6_.2
240.0 .9530 14:42 _7L2 I11.I 58.]

245.0 .3533 14:41 _7.3 i13,6 54.?

250.0 ,3534 14:40 _7.3 ll_.g 50._
?55.0 .3533 14:31 57.3 I17,9 46,o

260.0 .3530 I^:39 57,I llg.8 43,5
?65,0 .3_25 14:38 56.9 1_1,3 40,5

270.0 ,351g 14:38 56.5 122.6 37._

_75,0 .3511 14:3_ 56,1 123,6 35,_
_80,0 ,3500 14i38 _5.6 I_4.3 33.9

_85.0 ,34_ 14:39 54.9 1_4.6 3_,.
?g0.0 .3474 14:40 _4.Z 124.6 3Z.4

795,0 .3458 14:4i 53.5 124,7 3Z.7
300.0 .3439 14142 5Z,6 I_3.5 33,7

305,0 .3_19 14:43 _1.8 122.5 35.3

310.0 .3398 14:45 50.9 121.2 37. _
315,0 .3315 14:4o 50,0 I10.6 aO.I

320.0 .3351 14:4@ 49.I I17.7 43.1

3_5.0 .33_7 14:50 48.3 I15,7 46.5

330.0 ._303 14:52 47,4 i13.4 50,q

335,0 ,3250 14:5_ 45.7 II0,9 53.7

340,0 ,325g 14:55 46,0 I0_.2 57,6

345,0 .3240 14:51 45.4 I05,5 61.7
350.0 ,3_74 14:5_ 45.0 102.6 65,"

355.0 .3211 14:59 44,6 g9.5 70,0

360,0 .3_03 I_! 0 44,4 96,5 74.?

_65,0 ,3199 15: I 44.3 93,3 7_,6
370.0 ._200 15: 1 a4.3 90,I S?._

THE CLOCK S_Z 40755 47 F!LTE_ IOAD TIME,
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4. Subroutines:

5. Library:

None

ALOG logarithm to base

EXP exponential

COS cosine

SIN sine

ABS absolute value

ATAN arctangent

SQRT square root

AMOD remaindering

Definition of Variables

Fixed-point single variables.--

I

IHR

IM

IUNIT

JC

MINS

NLN

NST

NSTP

NTS NST + 1

Floating-point single variables.--

BLANK

SAN

DTR

RTD

loop counter

integer number of hours local time at ascending node

month of year (1-12) in which launch occurs

indicator for metric or British units (IUNIT - 1 implies
British, IUNIT = 2 implies metric}.

loop counter

fractional part of ascending node local time in minutes

line counter for page output

number of stars in present case

total number of days for which output is to be generated

five blank alphanumeric characters

three alphanumeric characters: SUN

degrees-to-radian conversion

radians-to-degree conversion

t49



PI

AM

DA

OMED

REF

H

AD

STEP

SPAN

UNIT

RE

OMEG

AI

XAB

D

SM

STH

SX

SY

SZ

SMEG

VND

DY

3. 1415926536

three alphanumeric characters specifying launch month
(e. g. JAN: January)

day of month in which launch occurs

launch ascendingnodewith respect to vernal equinox,
or with respect to sunWslongitude, degrees

three alphanumeric characters specifying reference for
launch ascendingnode

orbit altitude, n. mi. or km

orbit inclination, deg

output time step, days

total length of time, launch-to-end, days

indicator which specifies metric units for distances if not
blank on input

radius of earth, n. mi. or km

ascendingnodeat launch, radians

orbit inclination, radians

cumulative day counter, integral number of months,
in determining day of year

day of year (from 0 Jan. ) on which launch occurs

orbital mean anomaly of sun

sunWsin-ecliptic angle from vernal equinox, radians

X-component of sunWsposition

Y-component of sunls position

Z-component of sunWsposition

sunWsright ascension, radians

orbit ascendingnode, radians

day of yeaP(from 0 Jan.)
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P

ODOT

ODOTR

DVND

DIP

TEE

TEA

SNAI

HZ

H.X

HY

AHSR

AHS

FRSH

Y

X

PSI

TIAN

SRE

D2

Arrays. --

SRA(10)

SDE(10)

STX(1 0)

STY( 10)

sTz(t n)

orbit period, minutes

eastward orbit nodal precession, degrees]day

eastward orbit nodal precession, radians/day

eastward orbit nodal precession, radians/time- step

angle from local horizontal at satellite to earth horizon, H,e

temporary output variable, star declination, deg

temporary output variable, star right ascension, deg

sine of orbit inclination

cosine of orbit inclination = Z-component of orbit-normal

X-component of orbit-normal

Y-component of orbit-normal

- _ = cosine of orbit-normal] sun-line angle

absolute value of AHSR

shadow fraction

X-component of shadow/orbit intersection point

Y-component of shadow/orbit intersection point

arctangent (Y/X)

right ascension of orbit-normal, deg

sunls right ascension, deg

DY-D = days after launch

star right ascension

star declinations

X-component of star

Y-component of star

Z-componen_ _t _t_r
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TAB(12)

DAB(12)

TTL(20)

HDR(I i)

SH(10)

B EGA( 11 )

ZS( l 0)

ZSR(10)

SNMI(10)

SNMZ(10)

UN(2)

RET(2)

code names for months _e. g. JAN for TAB(I) ]

number of days in month E31.0 for DAB(I) ]

alphanumeric title information for output header

alphanumeric column header for output

currently unused

angles between orbit-normal and star-line
(BETA(I) corresponds to sun)

absolute value of ZSR

^

• e = cosine of orbit-normal]star-line angle

first part of alphanumeric star name

second part of alphanumeric star name

alphanumeric constants, n. mi. and km

earth radius values, 3443.9 and 6378.2

See Table A2.

Program Listing

PROGRAM TECO

Purpose

TECO computes the visibility time periods, above specified minimum eleva-
tion, at each of up to 15 ground stations as a function of orbit ascending node
longitude for a spacecraft in a circular orbit. The maximum single station
time and total of times for all stations is printed for each nodal longitude.
The average visibility time, over all the nodal longitudes used, is computed
for each station after nodal longitudes from 0 ° to 360 ° have been covered.

Method

The TECO model is based on the following simplifying assumptions:
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TABLE A2. - AUTOMATH 1800 SOURCE PROGRAM
LISTING - SHASTA

IFN

0001

0002

0003

00O4

0005

0006

000?
0010

00ll

0017

0013

0014

O01s

0016

0017

00)0

0021

OO22

0023

O02A

0025

0026

O02?

0030

0031

0032

0033

0034

0035

0036

0037

O040

0041

0042

00A3

0044

ooa5

0046

0047

0050

0051

AUTOHaTH 1800 SOURCE PROGpA- LISTING

EFN PROGRAM| SHASTA JOB; _ALTES

DIMEr_SION SRA(IOI,SDE(Inl,STX(IO),STY(IO),STT(IO),TA_(IZ)$nAR(I?) ,

TTL(?O),HnR(II},SM(IO),BETA(]I),ZS(IO),SNMI(IN),SNM_(10)
D|M_NSIO_ UN(Z),RET[2),ZSR(IO)

q FORMAT (2044)

10 FOQM_T (A3,FS*O,EB.I,SX,A3,AEB.I,AS,I?X,I_)

I_ FORMAT (2AG,AX,2ES,I]

I_ FORMAT (43H ILLEGAL,HISSING.OR MISPLACED INITIAL MONTH )

20 FORMAT(IHIt30X,28MO o o S M A S T A o _ _ / _nA4 // )
Z) FOOMAT (IX,ZIHINITIAL DATE = _A5, rS.l ]

23 rOOMAT (IX_OHINITIAL Asr. NODE = ,F6.1,21H DEG RFL TO VERNAt FQ)

Z5 FOQMAT (IX,ZOHINITIAL A$C. NOD[ = ,Fb.I,_OH D_G Rr[. TO SUN PDS_)

26 FORMAT (IX.ZOMORBIT AL[ITUDE - ,F8.1,1X,A5 /IX,2OHORBI
IT INCLINATION = ,F6._,AH DKG / I_, _OHTI ME INCRFHrNT = ,F6,2,

5_ UAYS // IX,|IHHORIImN DIP,BX,IH=$FS.I,AH DEG/I_,?DHNODAL PRFCE

3$SION = ,FG,_,SM D{G/DAY/IX,GMPERIOD,13X,IH=,F?.I.AH MIN I/ )

_ FORM_T(IX,SHSTAR ,IZ,ZX,pA6,4X,IIH RE. ASC. = ,FT.1,

1 14H DEG DECL_ = ,_6.1.4H DE_}

31 FORMAT (IHl,qX,47HSHADDV ASC NoDE ANGLE FROM O_BIT NORMAL To:

I /?6H _AYS FRACTION I OC TIM_ , 5X,IIAG}

40 FORMAT (Fb,I,Fg.4,16,1M|,I_,AX,IIFG.I)

55 _t)_MAT (IHO)

_6 FORMAT (IHS,OX.ATHSHADOw 4SC NODE ANGLE FRO M O_IT NORMAL TO_

1 /P6H DAY_ FRACTION IOC TIME , 3X,IIAG)

DATA (TAB(1),DAB(I},I = 1512) / 3HJAN,31.O,3HFEB,E_.O,_MMAR,3I,O,

1 3HAPR,30.O,3HMAY,51.O,_HJUtl,30.O,3MJUL,31.O,3HAU_,31.O$3HSFP,

30.U,3HOCT,31.0,3HNOV,_O,O,3HD[C,31.O l

DATA (MDR(1)_ I= I,II] 1 6H SUN ,6H ST I ,&H ST 2 ,GH ST 3 ,GH ST

1 4 ,6H ST _ ,GH ST 6 t6H ST T ,6H ST 8 ,6H ST 9 ,6H ST 10 /

RLANK = SH
SAN = 3HSUN

DTR = O,OIT453Z_Z5

PTn = 57,29577q513

IINtI) = _HN.MI,

Ua(2) = _HKH,

RET(1) = 3443.9

RET(?) = 6378*_
Pl = 3,14159Z6536

45 READ (5,g)(TTL(1),I = I,?0}

IUNIT =

READ (5,10) AMN.DA,OMED,oEF,H,AD,STEP,SPAN,UNIT,NS?

IF (qNIT .[Q. =LANK) IU_IT = I

R_ = RET(IUNIT)

If (H .GT. i,O) GO TO 13

STOP |

13 If (_ST ._q. O) GO TO II

READ (5,1Z) ($NMI(1),SNH_(1),S_A(1),SDE(I], I = I,NST)

DO 14 I = I,NST

SUF(1) = SDE(1) _ DTR

$_a(Y) = SnA(1) o DTR

STY(1)= C05(SDF(I}) * Cm_(SRA(1))

STY(!) = COS(SUE(1)) _ SIN(SRA(I})
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IFN

0057

0053

0054

0055

005A

0O57

0060

0061

0067

0063

0064

0065
0n66

0067

0070

0071

0072

0073

0074

0075

007_

0077

OlOn

OlOI

0102

0103

0.104

0105

0106

0107

0110

0111

0112

011!

0114

0115

0116

0117

0120

0121

0122

0123

0124

0125

0126

0127

0130

0131

0132

0133

0134

TABLE A2. - AUTOMATH 1800 SOURCE PROGRAM
LISTING - SH__STA - Continued

A[ITOA^TH 1800 SOURCE PRqGRA'_ I!STING

oROGpAM| SHASTA J_1 mAt. TES

ST7(1) = SIN(SDE(1))

14 CO_IT!NUE

II OMEG = OMED _ DTR

41 = Aq _ _T_

XA_ : 0.0

DO l_ I : 1,12

IF (AMN ,N_. TAB(1)) GO TO 16

D = XA _ * nA

IrA= l

GO T_ 17

I_ XA_ = XA_ ÷ DAq(1)

i_ £o_!TIN_VE

wRIT_ (q,l_)

STriP I_

17 SM = (q - 2,0) _ O,_l?2n_

_TH = SM÷O.O335021oSIN(S-}÷3,507466_E-4_IN(2,0_M)-I._800II&

SX = CQS($TH)

_Y = SI!q(STH) _ 0,91744

S_ = SY _ 0.43367

IF (ABS(SX) ,LT. l,O£-n) SX = 1.0_-8

S_I_G = ATAN(gY/sX)

IF (SX .g£. 0,0) [;0 TO _0

SMFG = SMEG + PI

50 IF (PE _ .N_. SAN) Gn TO 19

_1_G : O_EG ÷ SMEG

Ig NSTP = SPAN/STEp ÷I.0

VNn = OH_G

DY = D
p = dA.An _((H + RE)/RE)_I.5

OJIOT : - 9.9958 _ CgS(AI) / (I,0 ÷ H/RE) "_ 3.5

ODOTR = ODOT _ nTR

DVND = OnOTR _ STEP
_IP = ATAN (5_+(i.0 - (oE/(_E ÷ M))_o2) /(_E/(_E÷R))) _RTD

WR_TE (_,20) (TTL(1), I= 1,20)

wR,TE (9_I) AMN,DA

IF (REF .E@. SAN) GO TO 22

wRTT_ (9,23) OM[D

G0 vO 24

_ wRITE (9,_5) 0MFD

24 wR'TE (9,26) H,uN(IUNII),AO,STEP,DIP,ODOT,P

IF (NST .EO. O) GO TO 27

D(} 51 I = I,NST

TFF = $DE(1) _ RTD

TEA = SPA(1) _ pTD

WRIIE (_,28) I,SNMI(1),_,IM2(1),TEAoTEE

51 CONTI_AU[

_7 NT_ = N_T + I

5NAI = 51N(AI)

HZ = COS(AI)

wRITE(9,56) (HnR(1), I = I,NTS)

wRIT_(9,55)
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IFN

013_

0136

0137

01AO

0141

0143

0143

0144

0145

0146

0147

0150

0151

0152

015t
0154

0155

015_

0157
0160

0161

0167

01_3

0164
0165

0166

0167

OlTn

0171

0177
0173

0174

017_

0176

0177

0200

0201
020_

0204

o20_

n206

0207

0210
0211

0212
0213

0214

02)5

0216

0217

02_0

TABLE A2. - AUTOMATH 1800 SOURCE PROGRAM
LISTING - SHASTA - Concluded

AUTOH_TH IBgO SOURCE P_OGRAM LISTING

PROGRAMI SHASTA JOB! _AI.TE$

NIN : 19 + NST

DO 3q JC= I,NSTP

SM = (DY - 2,0) * O,OIT?OZ

$TH = SM*O,O3350EI*SINtS_)*3,)OTa66BE-4oSIN(2,0*_M)-l,380011A

SX : C_StSTM)
SY : slq(STM) o 0,91744

$Z = SY o 0,43367

HX =_NAI°STN(VNn)

HY :-5NAI_COS(VND)

AH_R : (HX*SX+HY*$Y+HZ#_7)

AH_ = AB_(AHSR)

FRSH = 0,0

IF (&_S ,GE,(RE/(RE÷H}}) GO TO 3_

y =SQ.RT((RE_oE .4HSOAHSo(RE÷H}_(RE+H))/(I,O - AH_o_HS)I

X =SQRT((RE÷H)_(RE+H) -Y_Y)

P_I = ATAN(y/X)

FROM = P_I/PI

33 TI_N = ATAN(wY/HX) _ RTn

IF (NX ,LT, O,O)TIAN = TIAN • 180,0
SRF = ATANtSY/SX} _ RTD

IF (SX ,LT, OmO}SRE = SRF ÷ 1B3,0

TIAN = (TIAN ° SRE - g_.n} _ 0°066666667

61 IF ((TIAN ,GF+ _,0) ,AN_, titan ,LE, ZA,0)) GO TO _0

IF (TIAN ,LT* 0,01 TIAN = TIAN + 24,u

IF (?IAN ,GT, 24,0) _IA_! = TIAN - 24,0

GO TO 61

6_ IHR = TIAN

BETA(1) : 90,0

IF (AHS , Lr, 0,00000011 GO TO 3_

BETA(1) = ATAN(SQRT(I,O - AHS*AHS)/AHS) * RTO

IF (AHSR ,LT, 0,0) BETA(1) = lfiOoO - BETA(I}

3_ DO 35 I : I,_$T

7S_(I) = (HX*SVx(I)+HY_STY(1)*HZ_STZtl))

Z_(1) = ABS(ZSR(I))

BETA(I*I) = _0,0

IF (ZStI) ,LT, O,O0000Ol) BO TO 35

BETAtI+I} = ATAN(S_RT(I,h " ZStl}OZS(1)IITStI}} * oTn

IF (ZSR(1) ,LT, 0,01 BETA((+I) = I_0,0 - BETA(I÷1}

3q CONTINUE

D2 = DY - D

WRITE (9e401 02,FRSH,IHO, HIN5, (BETA(1), I = I,NT_)

NLN = Nt.N + 1

vNn = VNn • OVND

DY : UY ÷ STEP

IF (NLN ,LE, 50) GO TO 30

WRITE (9_31) (H_R(1), I = I,NTS)

WRITE(9,_5)

NLH =I

3_ CONTIN!JE

GO TO 45 ,

_Nn
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• Orbits are circular and a spherical earth model is used.

• Earth rotation during a station pass is neglected.

• Coverage at any station is independent of azimuth and exists whenever
the spacecraft line-of-sight exceeds the minimum value.

To establish the geometry of station coverage, a coordinate system is defined
with the x-y plane in the equator and the x-axis toward the orbit ascending
node (see Figure A3).

The unit vector along the orbital angular momentum vector is h, the unit
vector toward the station is _. If the station north latitude is denoted as

k s and cast longitude as Cs ' and the east longitude of the x-axis as ¢ (the
x-axis is fixed in the earth and at the location where the sattelite crosses the

equator going north) then

= = ¢s_¢ ) 1

h x 0 s x cos k s cos (

h = -sin i s = cos k sin (¢s - ¢ )
y y s

h = cos i s = sin k
z z S

(A6)

where i is the orbit inclination, 0 < i < 180 deg

Ifthe an^gle between the orbit plane (defined at time of equatorial crossing)
and the s vector is denoted as 6 , then

6 = I Sin-i (_ . _)I

-1
5 = ISin sin k

s cos i - cos ks sin i sin (¢s - ¢) I

(A7)

The angle 6 determines the visibility time for the station. However, it must
be remembered that the xyz frame rotates with the earth and, thus, the l_

vector has moved slightly by the time the satellite approaches the station.
This means that the angle ¢ has increased. In order to correct for this,
find the projection of the N vector in the orbit plane (defined at time of equa-
torial crossing) and denote the unit vector along the projection as t :

= (£tx {) x _ (A8)

The angle from equatorial crossing to closest approach to the station in the
original orbit plane, O, is found from
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Orbit plane

sq toward station

/ _,,,_\\_' ' _'L'_, projection of "_'in

_'_k \_'" " orbit plane

x_ ascending node

Figure A3. Station/Orbit Plane Geometry
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cos 0 = t. i = t (0<0 < rr)
x

[ift • k< 0, set 0 to (2_- 0)]
(A9)

The time required to traverse this angle is

0
T = --. P (A10)

2w

where P is the orbit period. The angle ¢ changes to a corrected value

¢c in this time where

2rT (_)
¢C = ¢ + 1 sidereal day (All)

If we replace the original nodal longitude; _, by ¢ _ in equation (A7), a much
closer approximation to the actual pass distance results.

The maximum value of _ at which the satellite is visible is _m' which can
be shown to be

= _/2- e- sin-1 [ RE ]c_m R E + h cos e

where e is the minimum elevation angle at the station, R E is the earth

radius, and h is satellite altitude. It can also be shown that the visibility
time is then:

IP -t m/cos (cos _ cos _ ) if o < Vm

T =

0 if a >0 m

The orbit period, P, is given by

P = 84.49 (1 + hIRE )312 minutes

Input

The sequence of input data (cards) for TECO is as follows. The first card
must be a NAME card (letters NAME in columns 1 - 4). The second card

may have any descriptive material punched in columns i - 80 which will be
used as a title on output. The third card has the number of stations (NST) in
the current case (maximum 15) punched in columns I - 2 (e. g., six stations
would be 06 in columns i - 2). Following this card should be NST station

cards, each punched as follows:
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Columns 1 - 12 Stationname

17- 24

25 - 32

North latitude, degree (with decimal)

East longitude, degree (with decimal)

33 - 40 Minimum elevation for station, degree (with decimal)

The next card must be an ORBT card (letters ORBT in columns 1 - 4). Fol-
lowing this is a card describing the orbit parameters as follows:

Columns 1 - 8 Orbit altitude, nautical mi. or km (with decimal)

9 - 16 Orbit inclination, degree (with decimal)

17 - 24 Nodal longitude step size, degree (with decimal)

25 - 32 Minimum elevation for all stations, degree
(with decimal)

33 - 38 Letters METRIC if altitude was given in km, blank
if in nautical miles (any characters other than
blanks are equivalent to METRIC).

41 - 48 Fractional increase in earth radius for refraction
correction (with decimal).

The refraction correction can be left blank; this amounts to no correction.
On the other hand, if the "4] 3 earth radius" rule-of-thumb correction is
applied, then the fractional increase (0. 3333) should be punched in the col.
41 - 48 field. The effect of this correction is to "flatten" the earth and in-

crease the visibility range of a station. It does not affect orbit computatinn_.

Minimum elevation data carl be supplied with each station and/oI" with ot :_it

data. For each station, the largest minimum elevation (of those supplied I_

station card and by orbit data card) is used.

Following this card, there may be another ORBT card and a card with more
orbit data which is applied to the same set of station data. There may be any
number of such (ORBT, orbit data) card pairs. Occurrence of another NAS_E
card indicates that prior data will no longer be used, and the foregoing se-
quence of cards is repeated for a new case. Occurrcnce of a STOP card
(letters STOP in columns 1 - 4) after an orbit data card indicates end-of-data

and causes the program to stop.

The nodal longitude step size determines the amouni of f_bular output. A _o"
step size means that nodal longitudes of 0, 10, 20 ........ 360 ° will be (,vol_-
uated. For best resolution, it is recommended th:nt a step size of 5 ° or le_
be used.
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Output

The program output format is shown in Table A3 for a sample case. The
first page essentially lists the input data plus some auxiliary parameters.
"MAX. ARC RANGE VISIBLE (DEG)" is just the angle __ and "MAX.

DIST (KM) is the slant range to the satellite at the limiti_ case ( a = ore).

The second (and following pages if necessary_) list the visibility times at each
station for each nodal longitude. The "MAX" and "TOTAL" columns list the
maximum visibility time and sum of visibility times, respectively, over all
stations for the given nodal longitude. The 'rAVERAGES"row at the bottom
of the last page is just that, namely, the averages for each of the columns
above.

Computer Requirements

i. Compiler language: Fortran IV

2. Memory requirement: 1796 words

3. Tape units: common input 5

common output 9

4. Subroutines:

5. Library:

none

ALOG logarithm to the base e

EXP exponential

COS cosine

SIN sine

SQRT square root

ATAN arctangent

ABS absolute value

Definition of Variables

Fixed-point single variables.--

J loop counter

I loop counter

HINF[T indicator which specifies units for distance {IUNIT = I

implies n. mi., IUNIT = 2 implies km)
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TABLE A3. - TECO TEST CASE

TE_O TEST CASE

STATION 1 COiLrGE

_TATION 2 FT. MYERS
sTATION ] JOHANNESBURG

_TATIO_ 4 LIMA
STATION $ ORRORAL

STATION 6 QUITO
_TATIO_ ? _T. JoHNs

STATION 8 SANTIAGO
_TATION 9 WINKFIELO

NORTH LAT= 64.90 _EG EAST LONG,m 21Z.lo DEG HIN ELEV= 5,00 DEG

NORTH LAT= 25,50 _EG EAST LONG,= 278.10 DEG MIN ELEV= 5,00 OEG
NORTH LAT=-25,90 DES EAST LONS,= 27,70 DFG MIN ELEv= _,00 DEG

NOmTH LAT=')Io80 BEG EAST LONG,= 2_Z.80 BEG MIN.ELEv= 5,00 DEG
NORTH LAT=-35.60 nEG EAST LONG,I 148,90 DEG MIN ELEv= 5,00 9EG

NORTH LAT= o,60 DEG EAST LONG,= 281,40 BEG MIN ELEV= 5,nO OEG
NORTH LAT= 47°70 _rG EAST LONG°= 307.30 _FG HIN ELEv= 5.00 DEG

NORTH LAT='33*20 _EG EAST LONG°= 2_9,30 DEG HIN ELEv= 5,00 DEG
NORTH LAT= 51.50 DEG EAST LONG,= 359e30 DFG MIN ELEV= 5,00 D_G

ORBIT AI T= 5_0.0 KH.
ORBIT INCL= 97,38 nEG.

NOOAL LoNGITIJDE _TEO SIZE= 5,00 OEG.
ORBIT PEQIOD= q4,62 MINUTES
EARTH RAnI!IS= 33.3 PFRCrNT OvER ACTUAL (REER6CTI_N CORRECTION)

_TATIO_ MAX, ARC RANGE VISIBLE(DEG) MAx, DIsT,KMo

1 19.73 23]|,_

E 19.73 E331,3
3 Ig.T3 2331,3

4 I?*T3 _331,3

19,73 2331,3

6 19.73 2331,3

7 19.73 Z331,3
8 19.73 Z331,3

9 19.73 Z331,3
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TABLE A3. - TECO TEST CASE - Continued

TIME ABOVE 4IN ELEvaTIoN IN MI"_HTEs

1 2 3 a 5 6 7 8 9 MAX FnTAL

.Off

5.00

I0.00

15.0o

20.ON

_5,nN
30,00

35,00

40.00

45,n0

50.ON
55.00

60.00

65.n0

70.ON
75,0N

_0.00

9N.NN

95.00
lO0.nÙ

lOS.On

1IN.NO

115.00

120.00

125.no

130,00

135.00

140.no

laS.00

150.00

155.o0

160.00

165.00

170.00

175.00
IBN,no

I_5.00

190.00

195,00
200.00

205,nN

210,00
215,00

22N,ON

in.?P

10,35

I0.37

In,?_

in,o8

q,75

g.27

fl,62

7,77 .on

_.65 ,Nn

_,hfl .NO
2,_g .On

• NO .un

.00 5.13

oNO 7.9a
,NO g.4_

,NO lO.Iv

.00 10.37

.NO In. Oa

• 00 9.13
,00 7.)7

.00 3.64

.NO ,00

,00 .0_

• _0 .on

.00 .{ih

• 00 .On

.00 .On

•NO .,IN

.00 .00

,DO .ON

.ON .nO

,00 .[In

.NO .Un

.00

.00
a.14

&,Q2

7.30

A.?6
_.gg

9.54

9.g4

io._0

Io.3a

.nn 10.31 .00 .no oo .oN .00 I0,74 I0,31 3o.77

.no !O._O .00 .00 .0o .oN .00 10.37 lO.3v 31.0_

._n 9.74 .0o .0o ,oo .on .00 IO.27 10,37 30.37

.1_ 8.50 .00 .00 ,00 *00 .00 g.g2 10,2_ _B,70

.Oq 6.1a .00 .ON .00 .ON .00 9.32 lO.n_ 25.54

.on .00 .00 .00 ,00 .00 .00 8.43 9,75 Ia,i8

.On .00 ,ON .90 .00 ,00 .00 7.17 9,2_ 16.44

.llO ,O0 LO0 .0_ ,00 .00 .00 5.34 8.6_ 13.96

,nO ,00 .NO _00 on ,00 1.6_ 7,77 q.45
.On .00 .00 .OO *00 .00 .00 6'6_ 6.65

• 00 .00 .00 .00 .o0 ,00 .00 5.0_ 5.08
.O n .00 .00 ,00 .00 .00 .ON 2,3_ 2.3_

• 00 .On .00 .00 .00 ,00 .no .on .00

.on .uO .0_ ,no .NO .no ,no 5,13 5,13

.0o ,00 .00 .6z .00 ,00 .00 7,9a 8.56

.00 5.83 .00 7,00 .00 .00 .00 g.4_ 72.26

.NO 8.4_ .00 o.O_ 2.47 5.5_ .NO 10.I_.3_,77

,00 9.79 .00 I0,09 5.93 8,05 .OO I_,37 a4.23

.00 10,33 .ON in_3? 7*74 9.41 ,NO 10.37 a7.90

.nO IN.2_ .00 In*ON 8.9_ 10,14 nO i0i2_ a8.4_

.00 9.5i 4.23 ,.89 g.73 I0.37 :00 I0.37 50.11

.NO 7.94 7.30 6.62 lo.2n 10.17 ,O0 lO._n 45,8_

.00 4.66 8.g3 ,00 10.37 9,_9 ,00 i0'37 33,46

•00 ,00 9.88 .00 10.26 8,24 .NO I0.2_ ?8.37

.00 .no 10.32 .00 9.84 6.05 .OU _O.om _6.20

.00 .00 10.32 .00 9.06 .00 .00 10,3 _ 19,38

.no .O0 9.88 ,00 7.81 ,00 4._6 9.88 _I.95

• 00 .00 8.91 ,00 5,77 .00 6.5_ B.ol 21._0

.on .00 7.19 .00 .00 .00 7,g_ 7.9_ 15.16

• NO ,00 3.7_ ,00 .ON ,00 g,Ol 9.nI !2.73

• 00 ,00 ,00 ,ON .fiN ,00 9.7_ 9,77 9.7_

.00 *00 .00 O0 ,00 .00 10.16 lO,l& 10.16

.00 .NO .00 .00 ._0 .00 10.36 I0.3_ In.36

,on .00 ,00 .NO .00 .00 i0.32 IO*3P i0,32

.on .00 .00 .00 ,00 .00 .00 I0.02 lO,n2 i0.0_

.no .00 *00 .00 O0 .00 .00 g.43 9.4_ g.43

.nn 6.Z1 .00 .00 .00 .00 ,00 8._9 8,4_ 18.84

.on _.sl .00 .00 .00 .OO .00 7.06 a,51 21.5_

.on 9.73 .00 .00 _00 .00 ,00 4,70 9,7_ _I.73

.ON IO,R9 .00 .00 ,00 O0 ,00 ,00 10,_ 18.55

.no 10,3_ .00 .00 *09 .00 .00 ,00 10,3 _ IQ.31

• 00 9.83 .00 ,00 .00 .00 .00 ,no 9,8_ 19.37
._0 m,7_ .00 ,00 ,00 .00 ,00 ,00 9.94 18,66

.NO 6,6q .00 .00 ,00 .00 ,00 ,00 I0.20 16.B9

_on 1.4_ .00 .00 .00 .nO .00 .00 I0,34 II.80
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TABLE A3. - TECO TEST CASE - Concluded

TIME ABOVE MIN ELEvATIoN IN MINHTE_
1 Z 3 4 5 6 7 8 9 MAX TOTAL

225,00
230.00
235,00

240;00
245,00

750.00
2_5*00

260°00

265,00

?TO,O0

275.00

_80,00
2_5,00

290_0n
Z95,00

300,00
305,00
310,00

31_,00
320,00
325.00

330;00

335,00

340;00

345,n0
350;00
355,00

360,00

365.00

10.37 .on .00 ,00

10,30 .On .00 .00

10,12 .Un ,00 ;00

q,86 .nn ,00 3,95
q,51 .On .On 7,70

9.08 .On .00 9.41

8,5Q .on ,00 10,21
A,04 4.30 ,00 10;35

7.a5 7.b_ .00 9;85

6.8A q,_? .00 8.5_

&,23 lO,ll .00 6_01

5,65 I0.37 ,00 .00
5.1T I0,I_ .00 .00

4,81 9,31 ,00 .00
4,65 7,T_ .00

4,TO 4.7_ .00

4.96 ,(JO ,00
5.38 .On .00

_,92 ,nn ,OO
_.51 ,o0 .nO

?,13 .0_ .00

7,74 .00 ,00

8,31 .On .00

fl,R4 ,O0 ,00

9,30 .O_ 6,37
9,6q .uO _°Sa

I0,00 .00 9,78

10.$2 ;00 10,31

10,3_ .00 10.30

,00 .00

,00 .00

,00 .00

.00 4;4Z
,00 7;9Z

,00 QL54
.00 I0,27

.00 In*3[

.00 q,69

,00 Q_23
,00 _,20
.00 ;00

.On .00

,00 q;36 6,_4
,00 ,00 7;57 8*44

,00 6,03 3;47 9,45
,00 8,24 .00 I0.0_

;00 9,49 .00 10.34

,nO 10,16 ;00 10.33

.00 10,37 ;00 10;04

.00 10.17 .00 9.45

.00 9,53 .00 8.51

,00 8,35 ;00 T.12

,00 6,35 .00 4,93

.00 1.61 _00 .00

,00 .00 ;00 .00

;00 ,00 ;00 *00

.00 ,00 ;00 .00

.00 .00 ,00 .00

.00 .00

.00 .00

.00 ,00

.00 2.36

.00 6°70

.00 8,64
;00 9,74

.00 10,Z8

.OO I0,34

.00 9,94

.00 9,00

.00 7,Z8
3.99 3,79

,00
,00

,00
,00

.00 I_.37 10,37

.nO !N.3S I0.30

.00 I0;I? 10,12

.00 9.8_ ?0.59

.O0 9.51 31.83

.00 9.5a 36,67
,00 I0.27 38,8|

,00 10'35 43,37

.00 10.34 a4,98

,nO 9,94 42,8_
.00 I0_1] 36.95

.00 I0.37 23.31

.00 10.17 _3,06

,00 9,3_ 30.33
.00 8.44 78,42

,00 9;45 ?8,42
,00 10.0_ 73,2_

.00 .nO 10.34 75,21

.00 .nO 10;3_ 26,41

,00 .00 10;37 _6.93

.00 .00 I0'17 76,T5

.00 .00 g.5_ 25,78

,00 3.43 8.3_ 27.21
,00 6.41 8._4 76,53

.00 _.n? 9;3n 25.35
,00 9.15 9;6Q 77.43

,00 9,84 I0.00 29,62

,00 10,24 I0._1 30,77

,00 I0.37 10;3? 31,02

AVERAGES 5,28 L,9_ 2,05 l,fiO 2,18 2;01 2;67 2,10 3,08 g;27 _3,15

THE CLOCK $_Z 40702 AT FILTER LOAD TIME.

163



NM

NST

K

Floating-point

ENM

EBT

ESP

EBTE

ESPE

HMX

HSM

BLANK

DTR

RTD

PI2

PI

CRT

ALAB

H

AI

DFEE

ELEV

UNIT

indicator which specifies that NAME card has been
read (if NM> 2)

number of stations in current case (maximum 15)

line counter for page output

single variables.--

alphanumeric characters NAME

alphanumeric characters ORBT

alphanumeric characters STOP

alphanumeric characters ORBT (zero in place of letter O;
used in case of erroneous punch)

alphanumeric characters STOP (zero in place of letter O;
used in case of erroneous punch)

alphanumeric characters MAX

alphanumeric characters TOTAL

five blank alphanumeric characters

degrees-to-radian conversion

radian-to-degr ees conversion

0.5 times PI

3. 141592652

earth rotation rate, radians]minute

alphanumeric indicator variable read from card (should
be equal to ENM, EBT, or ESP

orbit altitude, n. mi. or km

orbit inclination

nodal longitude step size

minimum elevation angle applicable to all stations

indicator which specifies units of distance
(n. mi. if blank, km otherwise)
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CORR

RE

REC

HY

HZ

P

SEMP

TSTLA

TSTLO

TEL

TAI

TDFE

DIST

TSM

FEE

CTR

SX

SY

SZ

HDTS

TX

fractional increase in earth radius for refraction
correction

actual earth radius, n. mi. or km

RE • (i.0+ CORR)

y-component of orbit normal

z-component of orbit normal

orbit period, minutes

temporary variable used in computing maximum
geocentric angle to spacecraft

temporary variable used in writing station latitudes, deg

temporary variable usedin writing station longitudes, deg

temporary variable usedin writing minimum elevations,
deg

temporary variable usedin writing orbit inclination, deg

temporary variable usedin writing nodal longitude,
step-size, deg

maximum slant-range to satellite, n. mi or km

temporary variable usedin writing maximum geocentric
angle to satellite, deg

actual ascendingnodelongitude, radians

counter to keep track of number of nodal longitude
cases computed

x-coordinate of station

y-coordinate of station

z-coordinate of station
A

• s = cosine of geocentric-station-vector/orbit-

normal angle

x-component of projection of station-vector on orbit
plane at ascending node
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TY

TZ

TM

TXI

THP

TAU

FEEC

SA

TEM

TMAX

SUMT

TFEE

Arrays. --

TTL(2 0)

STAI(15)

STA2(15)

STA3(15)

STLA(15)

STLO(15)

EL(15)

y-component of projection of station-vector on orbit
plane at ascending node

z-component of projection of station-vector on orbit
plane at ascending node

magnitude of station vector projection on orbit plane

TX/TM

in-orbit angle from ascending node to projection of
station vector on orbit plane

time from ascending node to projection of station
vector in orbit plane

orbit ascending node, corrected for earth[orbit plane
rotation during time TAU

minimum geocentric angle to satellite for current
nodal longitude case, radians

in-orbit incremental angle within station visibility,
radians

maximum single-station visibility time for current
nodal longitude case

total of visibility times for all stations for current
nodal longitude case

temporary variable for writing nodal longitude, deg

alphanumeric title information for output header

first four alphanumeric characters of station name

second four alphanumeric characters of station name

third four alphanumeric characters of station name

station latitude

station longitude

minimum elevation angle at station or minimum ele-
vation angle supplied by orbit data card, whichever
is greater
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C(15)

S(15)

CE(15)

SM(15)

HDR(15)

T(15)

EL2(15)

AVG(17)

UN(2)

RET(2)

cosine of station latitude

sine of station latitude

CE(1) = cosine of EL(1)

maximum geocentric angle to satellite, radians

alphanumeric data for output column headers

visibility time at station for current nodal longitude
case

minimum elevation angle for particular station, cur-

rently not used

average visibility time for station, max., or total

alphanumeric constants, n. mi., and km

earth radius values, 3443.9 and 6378.2

See Table A4

Program Listing

PROGRAM SICO

Purpose

SICO computes the time sequence of ground station passes for up to 30
ground stations, including time of acquisition, visibility time, time since
last contact of a station, and last ascending node longitudes for each of

several typical days in the long-life mission of a satellite in a circular orbit.
By generating virtually all possible daily nodal sequences, the output gives
a good ind[cation of what can be expected during the lifetime of such a mission.

Method

SICO (Simulated COverage) makes use of the same basic computational model

as TECO. However, the output format is greatly different, and consequently
the data must be edited and sorted prior to output. After each orbit (ascend-

ing-node to ascending-node), a list of stations visible during that orbit is
generated and sorted into chronological order. The times of contact, station

names, visibility times, times since last contact, and east longitude of the

last ascending-node are then printed out. Time remaining to end-of-orbit

is stored for the computation of the "time-since-last-contact" for the first
station visible on the next orbit. Each succeeding orbit is contiguous, i.e.,
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IFN

0001

O002

0003

0004

0005

0006

O00T

0010

0011

0012

0013

0014

0015

0016

0017

0020

0021
0022

002_

0024

0025

O026
0027

0030

0031

0032

0033

0O34

0035

0036

0037

O04n

004l

OOA_
0043

0044

0045

OOa6

0047

0050

005|

0052

TABLE A4. - AUTOMATH 1800 SOURCE PROGI_M
LISTING - TECO

AuTOMaT H ]800 SOURCE PROGRAM LISTING

EFN PROGRAMI TECO JOB! BALTES

DIMENSION TTL(20),STAI(I_),STA?(IS),STA3(IS),STLA(IS),STLO(ISI ,

I EL(15),C(15),S(IS),CE(I=),SM(15),HDR(15),T(ISI,EL_(15),AVG(17)

DIMENSION UN(2),RET(2)

30 FO_M_T(AA)

3I FOQM_T(IHI,37H ILLEGAL Oo MISSING DATA HEADER cARD )

3Z F,)_M_T (_OAA)

33 FORMAT (I2)
35 FORMAT (3AA,4X,3ES,I)

37 FOqHAT (IHI_33H NO NAHE cARl) PRIOR TO ORBT CARn )

3_ FORM_T(AFB,I,AS,3X,EB.I)

42 FO_MAT(IHItAOX,23H* * * T E C 0 * * * llIOx,_Oa41/l)

44 FOPMAT ( 8H STATION ,13,?X,3AA,13H NORTH LAT= ,F_.2,6H DEG .

I I)HEAST LONG,: _FTI2,6P DEG ,gHMIN ELEV= ,F6,2, 4N []FG )
45 FOPMAT (// IIH ORBIT ALT= , FB,I,IX,A5 /12H ORnIT INCL= *F?.?.

! _H DEG,/ 2TH NODAL LnNGITIIDE STEP SIZE= ,F6,2, SW DE_,IIAH ORBIT

2 PFRIOD= ,FB,_,BH MINUTES/14H EARTH RADIUS= ,_PFS,I,44H PERCENT

3vE_ ACTUAL (REFRACTION CnRRECTIOH) // )

_6 F_I_M_T( 52H STATION MAx. ARC RANGE VISIBLF(DEG) MAX, DI_T, ,

I AS / )

4_ FOPMAT(3X,12,14X,FT,2,1qx*F8,1)

4o FORMAT (INI_OH E.LO_G nF TIME ABOVE MIN ELEVATION IN MINUTES

I /I:)H ASC, NODE , 4X_ 17A6 )

55 FUPMAT ( Fg,2,AX_ITF6,? )

6? FORMAT (//SH AVERAGES , 4X* ITF6,_)
64 FORMAT (IHo)

DATA (HDR(J),J : l,IS) / 6H I ,6H _ ,6H _ ,6H A ,_H

IS _6H 6 ,6H 7 _6H _ ,6H g _6H 10 ,_H 11 ,6H 12

_,6H 13 _6H 14 t6H IS /
ENM : 4HNAM[

EGT = 4H_RfiT

ESP = 4HSTOP

EBTE = 4HOR_T

ESPE : 4HSTOP

HMX : 6H MAX

HSH : 6H TOTAL

IJN(1) = 5HN,MI,

UN(2) : _IIKH,

R_I(I) : 3443,g

RET(_} = 6378,2

BLANK = 5H

NM = 0

D_ : O.OIT_532925

RT_ : 57,2g57795

PI2 =I,570796_2_

PI = 3,141592652

C_ : 4,379Z_3gF-3

15 REA_(5_30) ALA_

IF(ALAN ,EQ, ENM) GO TO 10

IF(ALAN .EQ. EBT ,DR. Al ^b .E_. EBTE} GO TO 11

IF(ALA@ ,EO. ESP ,OR, ALAN .EQ. ESPE) GO TO 1

wRIVE(9,_I)
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IFN

0053
0054
0055
0056
0057
0060
0061
0062
0063
0064
0065
O06A
0067
O07q
0071
O0?t
0073

0074
0075
0076
0077

0100
0101
0102
010_

0104
0105
0106
Of 07

0110
0111
0112
011_
0114
0115
0116

0117
0120

0121
0122

0122
01_4
0125
0126

0127
0130

0131
0132
0133
01_4

0135

TABLE A4. - AUTOMATH 1800 SOURCE PROGRAM

LISTING - TECO- Continued

AUTOH_TH 1300 SOURCE PROGRA" lISTING

rFN RROGRAMt TECA JOB: _AITES

I_ STrip 13
I $T_P 1

IO NM = 9g
RE4D (5,32)(VTLilI,I = 1,20t
RE40 (5,33) NST
DO 34 I = I,NST
R_AD (5,351 $TAI(I)ISTAp(IItSTA3(I)tSTLA(!It_TL_(T)I[Lli)
$TI AIIt = $TLA(I) o nTR
_TlO(I) = STLU(I) t DTR
ELII) = EL(1) _ DTR
C(i) : Co$(5TLA(1))
El. Ill) = ELll)
Silt = S_N(STLA(I))
CFI(I) = CO$(rL(l))

34 CONTINUE
Go T_ I_

II IF (_H .GT, I) _0 T9 3_
W_ITE (q,37)
G_ TO 13

36 REA_(S,38) HiAI,DFEF,ELrV,UNIT,CORR
IdllIr = ?
IF (UqlT ,EQ, BLANK) lliNIT = I
RE = RET(IUNIT)
REC = RE _ (I.0 + CORR)
AI = AI _ qTP
_FFE = I]FEE o DTR
Et_V = EtEV o nTR
HY = "$1N(AI)
MZ = COS{At)
nO 4') I=IiNST
EL(It = ELf(It
IF (_L_V ,L£. EL(1)) Sn TO 40
El.(ll = FI. rV
CE(It = COS(FLEV)

40 C(iNTINUE
3q P :84,_?o(((H+_E)IRE) o_ 1.5)

Do _I I = I,NST
SEHP = R[Co CFII)/ (REC + H)
SEMP = SFHp / 50RTll. - SEHP o SFHPt
SVMP = ATAN ($EMP)
_i4(T) = PI2 - El. Ill - SEeP
sHfl) = _M(II _ (I.0 + CnRRI

41 CONTINUE
WRITE (q,_Zt(TTL(1), I =I,ZO)

DD _ I = I,NST
TS?LA = _TD _ 5TLA(1)
T_TLO = _TD _ _TLOII)
Tk| = RTD e {Lilt
WRITE (9,4_) I,$TAI(1),$TA2(1),STA_(1),T$TLA,TSTIO,T_L

43 CfiNTINUE
TAI _ AI _i RID
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IFN

0136

n137
014o

0141
014_

0143
0144
0145
0146
0147
0150
0151
0152
0153
0154
0155
0156
0157
0160

0161
016_

016_
0164
0165
0166
0167
0170
0171
017_
0173

0174
0175
0176
0177

0200
0201
0202
020_
0204
0205
0206

0207
0210
0211
0212
021_
0214
0215
0216

0217
O22O

TABLE A4. - AUTOMATH 1800 SOURCE PROGIUEM

LISTING - TECO - Continued

AUTOtIATH 1800 BOURCE P_OGRA" IISTING

FFN PROGRAM: TFCn .JO_; mAI.TFS

T_IFE = I}FE_ ¢_ RT_
wRIT; (9,45) H_uN(IUNIT),TAI,TDFE,P,CORR
W_YTE (q,_6) UN(IUN!T)
Dr} 47 I = 1,NST
D{_T = SIN($M(1)) _ (RE+H) / $1N(PI2+EL(1))
T3M = SM(I} _ RT_

WRITE (q,48) I,TSM,DIST
4_ CONTINUE

FF_ = 0.0
CTR = 1,0
DO 6n I = 1,17

60 AVG(1) = 0,0
3 wRITE(q,49) (HnR(J),J = !,N_T).HMx,HSM

WRITE (o.64)
K = !

4 hi) 50 I = I,NST
SX = C(1) e COS(5TLO(1) -FEF)

SY = C(1) o _IN(STLO(1) .FE£)
_Z = 5(I)

HDTS = SY_HY ÷ _Z_HZ
TX = 5X

TY = SY - HYoHDT5
TZ = 5Z - HZ_HDTS
TM = qQRT(TX_I'X + TYeTY ÷ T7_T?)
TX] = Tx/TH
Trip =0.0

IP' (4BS(TXI) 'GT, 0'000001) THP = ATAN(SQRT(I.-TxI_TXI)/TXI)
IV (THP ,B_° 0,0) GO TO 51
IF (TZ .GE. 0.0) GO TO _
THn = PI " THP

GO Tn 53
5_ THn = Pl $ THP

_o TO 53
51 IF (TZ ,LT, 0.0} THP = ?;0 o PI - THP
53 TAU = P _ THP /(2,0 e PI)

FE_C = FEE * CRT # TAU

$_ = C(1) " COS(STLO(I) - FFEC)
SY = C(Y) o $1N(STLD(1) - FEEC)
HDT_= 5Y_HY ÷ S7_HZ
$A = Pl_
IF (4BS(HDT5) ,LT, O.99qqgg) S4=ATAN(ABS(HDT_)/$ORT(I.-HDTSeHDT_))

T(1) = 0,0
IF (qA .GE, 5M(1)) GO TO 50
TEM = COS($M(1)) / COS(SA)
TZM = ATAN(5ORT(I,D - TCM*TEM)/TEH)
T(Y) = P _ TFM / PI

5_ C04TINUE

TMAX = T(])
$UMT = T(1)

_0 54 I = 2,NST
IF(T(1) ,GT, TMAX)TMAX: T(l)
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TABLE A4. - AUTOMATH 1800 SOURCE PROGRAM
LISTING- TECO- Concluded

IPN

0221

3_2_

0_27

0224

0225

3226

3_27

3230

3231

3_32
0_33

023_

323_

3236

023?

0203

o2a2

32a3

AIJTOM_TH 1800 SOURCE PROGRAP+

_FN PROGRAM: TECn JOB:

S!l,r = L:_IJMT + Til)

54 CONT t N+JP

TFEE = tEE "' RTD

wRITE (q,55) TREE, (T(1) , I = I,NST), TMAX, $UHT

K : K * 1

IF (F£F. .GE.(2,O_PI_) G_ TO l',O

DO _I I = I,NST

61 AVC,(T) = AV(}(1) w,.T(1)

AVer16) = AV{';(16) ,'.TMAX

hV_(_'7) = hV_(1?) w, SUHT
CTrP = CT_ + t,3

rEr = FE r * PPEE

I_ ( k .r.T, a5 } GO TO "_

GO TP) 4

8, DO &3 I = 1.17

6_ AVr.(Y) -- AvL.(I)/CTR

WRITE ('_.62) (6VG[I).I=I.'4ST).AVG(16).AVG(I?)

Gt_ _'t) I,5

Ei+n

LISTING

nAt.TES
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ascending nodes are spaced as they would actually occur for the given orbit.
Allowance is made for earth rotation and for precession of the node due to
earth oblateness in the form:

A_ = -9. 9958 Cos(i) (1 +h/RE )-3"5 At deg (A12)

where i -- orbit inclination

h = orbit altitude

R E = earth radius (actual)

At = time increment involved (in days)

Computation starts with the ascending node at 0 degree longitude and proceeds
through a time period of one day plus one orbit period, completing the first
output table. The program is then re-initiated at a longitude slightly east of
0°, corresponding to the input parameter "nodal longitude step size" and
another table is generated. Another' increment in initial longitude is taken,
another table generated, etc., until the initial longitude reaches a value
greater than the difference in successive ascending node longitudes. The
tables thus generated represent the variety of possible "orbiting days" which

may occur in actual practice to the resolution given by the nodel longitude
step size used. Over a long period of time, the coverage profiles corres-

• . • 'l - 11

pondlng to each table will become equally hkely or equally typical .
Estimates of the probability of occurrence of "holes" can thus be based .on.
the relative occurrence of tables corresponding to these holes, recogmzmg

that this is only approximate.

Input

The sequence of input cards for SICO is identical to that of TECO. One
additional parameter can be used; minimum visibility time in minutes,
punched in columns 49-56 of the orbit data card (with decimal). This para-
meter has the effect of deleting any station passes which, although exceeding

minimum elevation angle, do so for less than the specified minimum time.
Also, up to 30 stations, rather than 15 as with TECO, can be handled by
SICO.

The "nodal longitude step size" parameter controls the number of output
"typical day" tables. In practice, this parameter should be kept down to
one degree or less for best resolutions. A one degree step results in about
22 or 23 output tables for a typical orbit.

Output

Table A5 shows the first three pages of a typical SICO output. The first page

essentially lists the input data plus some auxiliary parameters. The second,
third, etc., pages are "orbit day" outputs, each for a specific initial ascend-

ing node longitude. The first column gives the time past the initial ascending
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TABLE A5. - POLAR ORBIT STADAN COVERAGE

POLAR ORBIT STADAN COVERAGE

ee e S I C 0 Oe e

NORTH LATt EAST LONG, HIN ELEV,
UEG DEG 0[8

STATION 1 COLLEGE 64,90 212,10 5.00
STATION 2 ROSMAN 3P,20 277,10 5,00
STATION 3 FT. MYERS 26,50 Z?8tlO Se08
_TATION 4 JOHANNESBURG u25,90 27,78 5,00
STATION S LIHA -11,80 282,80 Se08
STATION 6 ORRORAL =3_,60 148,90 5,88
STATION T QUITO ".60 281,40 9,00
STATION 8 ST, JOHNS 47.70 307,30 S,80
STATION 9 SANTIAGO -33,20 289,30 5,00
_TATION 10 WINKFIELD 51.50 359,30 S,00

ORBIT ALT= 500.0 KH,
_R_IT INCL= 9n,O0 DEG,
NODAL LONGITUDE STEP SiZE a 1.00 DEGt
ORBIT P_RIOD© 94,62 HINUTES
_ARTH RAOI_j$= 33,3 PERCENT OVER ACTUAL (REFRACTION CORRECTION)
MINIMUM TIME= 3,00 MIN
WESTWARD S_IFT OF ASC,.NOD(= 23,72 UEG,/ORBIT

STATION MAX, ARC RANGE VISIFLE(DEG) MAX, DISTtKM,

1 19,73 2331,1
2 19,73 2331,1
3 19,73 2331,1
4 19,73 2331,1
5 19,T3 2331,1
6 19,73 2331,1

T 19,73 2331,1
19,73 2331,1

9 19,73 2331,1
I0 19,T3 2331.1
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TABLE A5. - POLAR ORBIT STADAN COVERAGE - Continued

LONGITUDE,ASC, NO_E (TIME=O) = ,00 D_G

TIME, STATION MINUTES MINUTES SINCE LAST ASC,NODE

MIN. IN SIGHT LAST CONTACT E,LONG,1DEG,

8,31 WINKFIELD IU,34 ,00
26.14 COLLEGE 6,41 7,44

53196 ORRORAL 7,66 21,42
105,43 ST, JOHNS 5,44 43,80 -23,72
105,74 W_NKrIELD 6,03 ,00
146,36 O_RORAL 9,97 34,59

196,63 ST, JOHNS ID.35 40,30 -47,44
269,36 SANTIAGO |U,34 62,39
275,41 LTMA 9,76 ,00
27_,86 ghITO 9,62 ,00
286,17 FT, MYERS 9151 ,00 -71,16
288.46 ROSMAN 9.59 ,00

293,?0 ST, JOHNS 7,16 *00
367,74 SANTIAGO 4,00 67°38

372,4_ LIMA 5.75 ,73

375,32 QuITO },9B ,00
3_I,7n FT, MYERS 7.79 ,40 .94,88

383,67 RnSMAN 8,42 ,00
396,09 CnLLEnE _,79 4,DO

486,A5 COLLEGE _,91 86,56 "118,60
526,07 JOHANNESFURG 4°57 30,71

579,60 COLLEGE I0,37 48,97 -142,31

597,80 WINKFIELD 3,90 7,83
616,79 JOHANNESBURG IO,24 15,09

675,08 COLLEGE 9,18 48,05 -166,03
690,76 WTNKTIELD 10.18 6,51

773,33 COLLEGE 4141 7Z,39 -189,75
786,25 WINKFIELD B,74 8,51
836,50 ORRORAL 10,37 41,51

8_1,0_ 57. JnHNS 9,70 34,18 "213,47
907,70 SANTIAGO 3,04 16,96
976,27 ST, JOHNS 9,31 65,5Z -237,19
979,61 ROSMAN 7,73 ,00
9fi2,02 _Y, MYERS 1,80 ,00

9_9,0_ QHITO 9.13 ,00

991,93 LIMA 9,69 ,00

997,2_ SANTIAGO 10._7 ,00
1073.91 R_SMAN 9.87 66,32 "260.91
]076,3q FT, MYERS 9,48 ,_0

I084,62 QI!ITO 7,27 .00
1088,13 LIMA 6,16 ,00

!160,4_ COLLEGE 7,13 66,16 "284,63
1254,97 COLLEGE 10.04 87.35 °308135
131Z,12 JOHANNESFURG I0,33 47,17

1335,79 WINKFIELD 6,66 13*34 -332,07
1349,85 CnLLEGF I0,05 7,40

1427,64 WINKFIELD 10,36 67,74 -355,79
I445,1_ COLLEGE 7,28 7,18
1474,62 ORRORAL 5,5_ 27,16
1524,03 WINKFIELD 7,56 43,83 -379,50
1565,53 09RORAL 10,31 33,94
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TABLE A5. - POLAR ORBIT STADAN COVERAGE - Concluded

LONGITUDE.ASC, NODE (TIME=O) : 1.00 DEG

TIME, STATION MINUTES MINUTES SINCF LAST ASC,NODE
MIN, IN SIGHT LAST CONTACT E,LONG,,DEG,

8.36 WINKFIELD 10.36 1,00
26.08 ChLLEGE 6,63 7.37
54.24 ORRORAL 7,26 21.53

105,80 ST, JOHNS 4,85 44.29 .22,72
105.4_ WINKFIELD 6,45 .00

146,32 ORRORAL 10,08 34,39
196,66 ST. JOHNS 1U,32 ao.?6 °46.44
269,3_ SANTIAGO IU,30 62.35
275,AB LIMA 9,56 .00
278,97 QIIITO 9.40 .00
286,30 FT. MYERS 9,29 ,00 -70,16
2_8,58 R_SMAN 9,40 .00

292,99 ST, JOHNS 7.51 ,00
367,28 SANTIAGO 4,83 66,78
372,11 LIMA 6,47 ,00
374,97 QHITO 6,67 ,00
381.48 FT, MYERS 8,18 .00 -93,88

383,50 RnSMAN 8,71 ,00
396,40 C_LLEGE 3,37 A.19
486,56 C_LLEGE 8.78 86,_0 -117.60
526,71 JnHANNESBURG 3,44 31.36
579,62 CnLLEGE 10,36 Ag,a7 -141,31
598,15 WINKTIELD 3,02 8,17

616,78 JOHANNESBURG 1U,30 15.61
674.99 C_LLEGE 9,29 47,91 -165,03
690,76 WTNKFTELD IU,II 6.48
773.09 C_LLEGE 4,76 72.22 -188,75
786.17 WINKFIELD _,93 8.33
836,45 ORRORAL 1U,36 41,35
881,07 ST. JOHNS 9,56 34,_6 "212,47

93¢,85 ORRORAL 3,Q2 4a._Z
976,19 ST, JOHNS 9,47 37.42 -236,19
979,76 RoSMAN 7.32 ,00

982,20 FT, MYERS 7,35 "O0
989.24 QIIITO 8,83 .00
992.06 LIMA 9,48 .00

997,25 SANTIAGO IU.37 ,00
1073,8A RoSMAN 10.00 66.EZ -259,9|
1076,29 FT. MYERS 9.67 .00
i084.37 QuITO 7.78 .00
1087,80 LIMA 6,81 ,00
1160,48 COLLEGE 6.92 65,87 "283,63

1254,91 CnLLFGE 9,98 87.52 -307,35
1312,10 JOHANNESBURG 10.27 47.21
1336,05 WINKFIEtD 6,27 13,68 "331,07
_349.83 CnLL_GE IU,IO 7._1
1410.69 JnHANNESBURG 3,51 50.76
1427.66 WINKFIELD 10.34- 13.46 -354.79

1445,14 COLLEGE 7,A7 7,13
1475.07 O_RORAL q,86 Z2.47
1523,85 WINKFIELD 7,84 43,91 -378,50
i565,54 ORRORAL 10,35 33.85
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node to station acquisition (station "rise") in minutes, the second column

gives the station name, the third column gives the time for "rise" to "set"
(at minimum elevation) in minutes, the fourth column gives the elapsed time
since "set" at the previous station to "rise" at the current station in minutes,

and the fifth column gives the east longitude of the last ascending node (nega-

tive values correspond to west longitude). Only passes which exceed the

minimum time specified are considered. Note that each output table covers
slightly more than one day; the time period is one day plus one orbit period.

a°

i°

°

3.

o

5.

Computer Requirements

Compiler language: Fortran IV

Memory requirement: 2245 words

Tape Units: common input 5
common output 9

Subroutines: none

Library: ALOG logarithm to the base e

EXP exponential

COS cosine

SIN sine

SQRT square root

ATAN arctangent

ABS absolute value

Definition of Variables

Fixed-point single variables

NM indicator which specifies that NAME card has been
read (ifNM > 2)

I loop counter

NST number of stations in current case (maximum 30)

IUNIT indicator which specifies units for distance (IUNIT
= 1 implies n. mi., IUNIT = 2 imples kin)

INIT flag which indicates whether first station pass of current
day has been printed (if INIT < 0) (used to suppress
"MINUTES SINCE LAST CONTACT" on first pass)

NVS number of stations visible for more than minimum

visibility time on current nodal longitude case
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Ii loop counter

K1 loop counter

K2 index variable

K4 index variable

12 index variable

K5 index variable

b. Floating-point single variables

ENM

EBT

ESP

EBTE

ESPE

HMX

HSM

BLANK

DTR

RTD

PI2

PI

CRT

ALAB

H

AI

DFEE

alphanumeric character s NA ME

alphanumeric characters ORBT

alphanumoric characters STOP

alphanumeric characters ORBT (zero in place of letter
O; used in case of erroneous punch}

alphanumeric characters STOP (zero in place of letter
O; used in case of erroneous punch)

alphanumeric characters MAX

alphanumeric character s TOTAL

Five blank alphanumeric characters

degrees-to-radian conversion

radian-to-degr ees conversion

0.5 times PI

3. 141592652

earth rotation rate, radians]minute

alphanumeric indicator variable read from card (should
be equal to ENM, EBT, or ESP)

orbit altitude, n. mi. or km

orbit inclination

nodal longitude step size
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ELEV

UNIT

CORR

TMIN

RE

REC

HY

HZ

P

ODOT

DFEL

DFELD

SEMP

T ST LA

TSTLO

TEL

TDFE

DIST

TSM

BFEE

BFEED

FEE

minimum elevation angle applicable to all stations

indicator which specifies units of distance (n. mi. if
blank, km otherwise)

fractional increase in earth radius for refraction
correction

minimum allowable visibility time, minutes

actual earth radius, n. mi. or krn

RE (I. 0 + CORR)

y-component of orbit normal

z-component of orbit normal

orbit period, minutes

eastward nodal orbit precession, radians/minute

eastward shift of ascending node in one orbit period,
radians (DEFL is always negative)

DFEL RTD

temporary variable used in computing maximum geo-
centric angle to spacecraft

temporary variable used in writing station latitude, deg

temporary variable used in writing station longitude, deg

temporary variable used in writing minimum elevation,
deg

temporary variable used in writing nodal longitude
step size, deg

maximum slant-range to satellite, n. mi. or km

temporary variable used in writing maximum geocentric
angle to satellite, deg

ascending node longitude at start of "orbiting day"

BFEE RTD

ascending node longitude at nodal crossing for current
orbit, radians

178



FEED

TIME

TLAG

SX

SY

SZ

HDTS

TX

TY

TZ

TM

TX1

THP

FEEC

SA

TEM

SSF

STD

TIMP

TDL

FEE RTD

time from start of "orbiting day" to ascendingnode
crossing of current orbit, minutes

time from "set" at last station prior to current ascend-
ing nodeto time of current ascendingnode

x-coordinate of station

y-coordinate of station

z-coordinate of station

_. ŝ = cosine of geocentric station vector/orbit-
normal angle

x-component of projection of station vector on orbit
plane at ascendingnode

y-component of projection of station vector on orbit
plane at ascendingnode

z-component of projection of station vector on orbit
plane at ascendingnode

magnitudeof station vector projection on orbit plane

TX/TM

in-orbit angle from ascendingnode to projection of
station vector on orbit plane

orbit ascending node, corrected for earth/orbit plane
rotation during time from ascending node to station
passage.

minimum geocentric angle to satellite for current nodal
longitude case, radians

in-orbit incremental angle within station visibility,
radians

variable used as standard for comparison in sorting
station passes

variable used as standard for comparison in sorting

station passes

station acquisition time from beginning of day, minutes

time since last contact, minutes
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Arrays. --

TTL (20)

STA i (30)

STA2 (30)

STA 3 (30)

STLA (30)

STLO (30)

EL (30)

c (30)

s (30)

CE (30)

SM (30)

T (30)

TAU (30)

EL2 (30)

JVS (30)

K3 (30)

UN (2)

RET (2)

See Table A6

alphanumeric title information for output header

first four alphanumeric characters of station name

second four alphanumeric characters of station nan_e

third four alphanumeric characters of station name

station latitude

station longitude

minimum elevation angle at station o___rminimum

elevation angle supplied by orbit data card, which-
ever is greater

cosine of station latitude

sine of station latitude

CE (1) = cosine of EL (1)

maximum geocentric angle to satellite, radians

visibility time at station for current nodal

longitude case

in-orbit time from ascending node to closest

approach to station

minimum elevation angle for particular station,
currently not used

JVS (1) = station number of Ith station contacted

on an orbit

index array used in sorting station passes

alphanumeric constants, n. mi. and km

earth radius values, 3443.9 and 6378.2

Program Listing
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TABLE A6. - AUTOMATH 1800 SOURCE PROGRAM
LISTING - SICO -

IFN

CO01

0002
0003
0004
COC5
0006

0007

0CI0
GOll

0012
G013

0014

0015
0016

0017

C020
0021
0022
0C23

0C24

0025
0026
0027

0030
0031
0032
0033

0034
0035
0036
C037

0040
0041
0C42
C043
O044
0045

0046
0047

C050

A_TOMATH ]BOO SOURCE PROGRAM LISIING

EFN PROGRAM: 5100 JOB: BALTF5

_IME_tSION TTL(20)_STAI(30)_STA?(_O),STA3(30),STLA(30),STLO(30),
I EL(30)_C(30),S(30)_CE(30)_S_(30)_T(30),TAU(30),EL2(30),
2 JV5(30),K_(30),UN(2),RET(2}

30 FCRMAT(A4)

31 FCRMAT(IHI,37N ILLEGAL OR MISSING DATA HEADER CARD }
32 FCRMAT (20A4)
33 FCRMAT (12)
35 FC_MAT (3A4_4X,3E8,1)

37 FCRMAT (IHI,33N NO NAME CARD PRInR TO ORBT CARD )
3B FCRMAT(4ES,1,A5_3X,2EB,])
42 FCRMAT(IH1,40X.23H_ _ _ 5 I C 0 _ _ _ // IX,20A4///34X,

I 37HNCRTH LAT, EAST LONG, MIN ELEV, /37X,3HDEG,IOX,
2 3HDEG,9X,3NDFG//)

44 FCP_AT (RH STATION ,13,2X_3A4,qX_F7,216X_F7.2_5X,FT,Z)

45 FCRMAT (// llH ORBIT ALT= * FB,I,IX,A5 /12H ORBIT INcL= ,F7,2,
I 5H DEG,/ 27H NODAL LONGITUDE STEP SIZE= ,F6,2, 5H DEG,/14H ORBIT
2 PERIOD= tF_.2,8H _INUTES/14H EARTH RADIUS= ,2PFS,I,44H PERCENT 0

3VER ACTUAL (OEFRACTION CORRECTION) / IkH MINIMU M TIME= ,oPFS,2_
4 4H MIN/ 29H WESTWARD SHIFT OF ASC, NODE= ,FT,2,11H DFG,/ORBIT//)

48 FCRMAT( 52H %TATION MAX, APC RANGE VISIBLE(DEG) MAX, DIST, ,
1 A5 / )

48 FCRMAT(3XII2,14X,Ff,2,19X_F8.1)
105 FCRMAT(IHI,3_H EAST LONGITUDF,ASC, NODE (TIME=O) =,FT,2_4H DEG//

I lqH TIME_ STATION_4X,3BHMINUTE5 MINUTES SINCE LAST ASC,NO
2DEITH" MIN, ,16X,37HIN SIGHT lAST CONTACT E,LONG._DEG. //)

106 FCRMAT(F8,?,>X, 3A4_ F8,2_6XtFT,2_TX,F_,2)

170 FCRMAT(F8,2_X,3A4 , F8,2,20X,F8,2)
FR_ = 4HNAME
BET = 4HOR_T
FSP = 4HSTOP
EBTE = 4NORBT
ESPE = 4NSTO_
HYX = 6H MAX

PS_ = _H TOTAL
_R(1) = 5HN,MI.
_N(2) = 5HKM,
RET(1) = 3443,g
PET(2) = 637_,2
BLANK = 5H
NM = 0
DTR = 0.0174_32925
RTD = 57,2957795
PI2 =I,570796326
PI = 3.141592652
CRT = 4.3752_39E-3

15 READ(5,30) ALAB
IF(ALAB ,EQ, ENM) GO TO I0

IF(ALAB ,EO, EBT ,OR, ALAB .CO, FBTE) GO TO 11
IF(ALAP ,EO, ESP ,OR, ALAB °_Q. FSPE) GO TO I
WRITE(g,31)

13 STOP 13
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TABLE A6. - AUTOMATH 1800 SOURCE PROGRAM

LISTING - SICO - Continued

IFN

COS1

0052

C053

CC54

C055

0C56

0057

0060

CCGl

CC62

0063

0064

C065
C066

CC67

0070

CC71

CC72

C073

0074

CC75

CC76

C077

ClO0

CIOI

C102

C103

C104

ClC5

CI06

ClC?

C110

C111

C112

C113

C114

Cl15

CI16

C117

C120

C121

0122

C123

C124

C125

C126

C127

0130

0131

C132

C133

A_TOMATH 1800 SOURCE PROGRAM LISTING

EFN PROGRAM: SICO JOB: BALTE5

1 STOP 1

I0 R_ = 99

READ (St32)(TTL(1),I = 1,20)

READ (5,33) NST

_C 34 ! = I,NST

READ (5,35) 5TAI(1),STA2(1),STA3(1)'STLA(1),STLO(1),EL(1)

5TLA(I} = 5TLA(I} * DTR

STLO(It = $TLO(1) * DTR

EL(I} = EL(1) * DTR

Oil) = COS(STLA(1))

EL2(1) = EL(I)

5(I} = 51N(STLA(1)]

CE(I} = COS(_L(1))

34 OCt'TINgE

GC TO 15

11 IF (N_ ,GT. 2} 60 TC 36

WRITF {9137)

_C TC 13

36 READ(5,38) H,AI,DFEE,ELEV,UNIT,CORR,TMIN

ILNIT = 2

IF (UNIT .[C. BLANK} IUNIT = I

RE = RET(IUNIT)

REC = RE , (1o0 + CCRR)

Al = AI * DTP

DFFE = DFEE * DTR

ELEV = ELEV * DTR
_Y = -SIN(_I)

_Z = CC5(AI)

_C 40 I:I,NST

EL(I) : ELP(T)

IF (ELEV oLE, EL(I)) GO TO 40

EL(1) = ELEV

CE(I} = CO_(FLEV)

4e (CNTIN_F

39 P =84.49*(((H÷RE)/RE) ** 1,5}

CDCT ='I,211_25E-4 * C05(AI]/(I.O ÷ H/RE)**3,5

_FFL = P * (CDOT - CRT)

_FEL_ = -DFEL *PTD

9C 41 I = ],NST

SEeP = RE{ * (E(1)/ (REC ÷ H)

_E_P = 5EMP / SORT(I, " 5EUP * 5FMP)

5E_P = ATAN (5F_P]

5_(I) = PlY - EL(1) " 5EMP

S_(1) = 5_(I) * (I.0 ÷ CORR)

41 CONTINUE

WRITE (9,42)(TTL(1), I =I,20)

_C 43 I = I,NST

TSTLA = RTD * STLA(1)

TSTLC = _T_ * 5VtO(I)

TEL = RTD * EL(1)

WRITF (9.44) 1,5TAI(1),STA2(I),STA3(1),TSTLA,TSTLO,TEL
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IF_

C134
C135

0136

0137

0140

0141
C142

0143

0144

0145

0146

0147

0150

C152

C153
C154

0155

0156

0157

Cl60

C161

0162

C163

0164

C165

0166

C167

C170

C171

C172

C173
C174

C175

C176

C177

C200

O2C1

C202

C203

C204

0205

C206

C207

C210

C211

C212

C213

C214

C215

C216

TABLE A6. - AUTO1VIATH 1800 SOURCE PROGRAM
LISTING - SICO - Continued

AUTOHATH 1800 SOURCE PROGRAM LISTING

EFN PR_GPAM: 51C0 JOB: BAt.TES

43 CCNTINUF

TAI = AI * RID

TCFE = DFEE *RTD

WRITE(q,45) H,UN(IUNIT),TAI,TDFE,P,CORR,TMIN,DFELD

WRITE (9,46) UN(IUNIT)

_C 47 I : I,NST

DIST = SIN(SM(I}) * (RE+H) / 51N(PI2+EL(1))

TSM = SM( I} * RID

WRITE (9,4R) IoTS_,DIST

47 CCNTINLE

_FEE = 0.0

108 RFEED= BFEF * RID

WRITE (9,I05) RFEED

FEE = 8FEE

PEFD : RFEFD

INIT : I00

TI_E = 0,0

TL_G = 0.0

4 DC 50 I : I,NST

SX : C(1) * CCs(sTLC(1) -FEE}

SY = C(1) * 51N(STLC(1) -FFE)

_Z : S(l}

H_TS : SY*NY + SZ*HZ

TX = SX

TY = SY - NY*HDTS

TZ = SZ - NZ*_DTS
TW = S_RT(T×*_X + TY*TY + TZ*TZ)

TXI : TX/TM
ThP =0.0

TF (ARS(TXI) .GT. O,O0000l) THP : ATAN(SQRT(I.-TXI*TXI)/TXI)

IF (THP .GF. 0.0) GO TO 51

IF (Tz .GE, _.0) GO TC 52

THP = Pl - THP

_C TC 53

52 THP = Pl + THP

_C TC 53

51 IF (TZ .LT. _.0) THP : 2.0 * PI - THP

53 TAU(1) = P w T_P /(2,0 * Pl}

FEEC = FFE + (ODOT - CRT) * TALJ(T)

SX = C(1) , COS(5TLC(1) - FErC)

SY = C(1) * SIN(STLC(1) - FErC)

HCTS= SY*HY + SZ*HZ

SA = PI2

IF (ABS(HDTS) .I.T, 0°9999gq) S_=ATAN(APS(H_TS)/SQRT(],-HDTS*HDTS))

T(I) : 0,0

IF (SA °GE° g_(1)) CO TO 5n

TE_ : COS(SM(1)) / COS(SA)

_E _ : ATAN(SQRT(I°O - TEM*TE_')/TFM)

T(1) : P * TFN / Pl

5O CCNTINUE
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TABLE A6. - AUTOMATH 1800 SOURCE PROGRAM
LISTING - SICO - Concluded

IFN

C217

C220

0221

C222

0223

C224

0225

C226

C227

C230

C231

C232

C233

C234

0235

0236

C237

C240

0241

C242

¢243

C244

C245

C246

C247

0250

0251

0252

0253

025_

0255
C256

C257
C260

C261

C2_2

C263

C264

C265

C266

C267

C270

C271

0272

C273
C274

0275

C276

ALTOMATH 1800 SOHRCE FROGRAM LISTING

EFN PROGRAM: SICO JOB: 8ALTES

DC 1OO I = I,NST

IF (T(1) .LT. (TMIN + O.OOOO1)) GO TO IOO

NV5 = NVS * 1

JVS(NV5) : I

iO o CCPTINUE

IF (NV5 .GT. O) 60 TO 101

TL_G : TLAG ÷ p

GC TO 161

101 SSF : -I000._

DC 120 II : I,NVS

5T_ : IOO0.O

DC 140 K1 = I_NVS

K2 = JVS(KI)

IF (TA_(K2) .GF. STD) GO TO 140

IF (TAU(K2) °LE. 5SF) GO TO 140

5TD : TAU(K2)

K3(II) : K2

140 CCNT INI;E

SSF = $TD + Q°OOO01

120 CCNTINUE

K4 = K3(I}

TI_P : TAtJ(K4) + TIPE - 0,5 * T(K4)

TBL = TAU(K4) ÷ TLAG " 0,5 * T(K4)
IF(TDL °LT° 0,0) TDL = 0,0

!F (TNIT .LE. O) GO TO 180

WRITE (q_ITO_TIPP,STAI(K4),STA2(_4),STA3(K4),T(K4)_FEED

INIT : -tO0

_C TC 175

18 _ WRITF(g,IO6)TI_P,STAI(K4).STA2(K4),STA3(K4}*T(K4),TDL,FEED

175 IF (NVS .LF° 1) GO TO 162

_C 160 KI : _,NVS

11 = K3(KI)

_2 : K3(KI-I)

TI_P = TAU(II) * TIrE - O.5 * T(II)

TDL = TAU(_I) - TAU(12) - 0.5 * (T(It) * T(12))

IF(TDL °LT. n.O) TDL = O°0

_RITE(g.I_6) TIPP,STAI(II).STA2(II),STA3(II)_T(I1).TDL

160 £CNTINCE

162 K5 : K3(NVS)
TLaG : P - TAU{KS) - 0,5 * T(KS)

161 FEE = FEE ÷ _FEL

_EFD = FFE m RTD

TI_E : TIMF • P

IF (TI_E .LE° (1440.0 ÷ P)) 60 IN 4

PFEE = 8FEE ÷ DFEE

fF (RFEE °GT, (-DFEL)) GO TO 15

_C T_ 108

ENB
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PROGRAM PICO

Purpose

PICO generates the time sequence of ground station passes, including time
of acquisition, visibility time, time since last contact of a station, and last
ascending node longitudes, from orbit injection to a specified cutoff time for
a satellite in a circular orbit.

Method

The PICO (Post-Injection Coverage) program is a modification of the SICO
program. The major change is in the output and computing sequences.
Whereas SICO generates the array of "typical coverage days", PICO gener-
ates the continuous sequence which occurs for a reasonably short time just
after injection. Because of the nature of orbit nodel drift, very small
injection dispersions would tend to invalidate PICO-type data after the first
few days of flight. Thus, preflight PICO data is useful for prediction of the
first few days of flight, after which the statistical type of data given by
SICO must be used to predict coverage.

Input

The sequence of input cards for PICO is the same as for TFCO. However,
because of the difference in type of data computed, the orbit data card is
somewhat different. The format of that card for PICO is as follows:

Columns 1-8

9-16

17-24

25-32

33-38

Altitude, n. mi. or km

Inclination, deg

Launch-to-injection geocentric angle, deg

Minimum elevation angle at stations, deg

Letters METRIC if altitude is in km, otherwise

blank (any characters other than blanks are
equivalent to METRIC)

39-40 +i if launch is northerly, -i is southerly

41-44 Fractional increase in earth radius for refraction
correction

45-48 Minimum acceptable visibility time, minutes

49-56 East longitude of launch site, deg

57-64 North latitude of launch site, deg

65-72 Launch-to-injection time, minutes

73-80 Launch-to-end time, minutes
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(use decimals in all fields except columns 33-38 and 39-40).

PICOwill acceptup to 30 stations, as does SICO.

Output

TableA7 showsthe first two pagesof a typical PICO output. The first page
essentially lists the input dataplus some auxiliary parameters. The second
and following pageslist the sequenceof station passes from injection to the
launch-to-end time specified on input. The first column gives the time past
launch to station acquisition in minutes, the secondcolumn gives the station
name, the third column gives the time from "rise" to "set" (at minimum
elevation) in minutes, the fourth column gives the elapsed time since "set"
at the previous station to "rise" at the current station in minutes, and the
fifth column gives the east longitude of the last ascending node (negative
values correspond to west longitude). Only passes which exceedthe minimum
time specified are considered.

Computer Requirements

1. Compiler language: Fortran IV
2. Memory requirement: 2786words
3. Tape units: common input 5

common output 9
4. Subroutines:

5. Library:
none

ALOG logarithm to base e

EXP exponential

COS cosine

SIN sine

ABS absolute value

ASIN arcsine

SQRT square root

ATAN arctangent

Definition of Variables

Fixed-Point Single Variables. --

NM indicator which specifies that NAME card has been
read (if NM > 2)

loop counter

NST number of stations in current cast (maximum 30)
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TABLE AT. - PICO TEST CASE

FICC TrS "r CACF

r'FO r_FC DE (,

5TATICN I ALASKA 65.00 212.50 5.00

5TATTCt< 2 C_'_eVOh -24.50 II_.40 5.QO

5TATTCh 3 _r_,_, 35.20 277.10 5.00

5TATICt' 4 5A_TI^_C -33.10 28o._0 5.C0

5TATTC_ 5 T6NDNApTVF -Ie.50 47o_0 5°00

CR_IT ALT= 5C_.r K_.

CRBIT INCL: q7.3_ PE_-

LALKCF-TC-T_'J_C_IC_! _Cl _: 20._ n DEG.

CRPlT PF_IC_= q4.62 _I:l I_5

EARTF Pb_It_= 3_.? PEDCFN! CVCp ACTtjAI (_FFpACT_ON CG_6FCTIUN)

_EsT_,hPP 5F!F_ rF AcC, K C_E= 2_.A5 9F6./CPVIT

LALhCF LCN6tT_'_F= -120._3 r_G. tAcT

LAb_CF LATIT_RF= _4.7A _E_, _oRTF

LAChCF VELCCITy ha5 ECLTHFRIy CnMDCNFNT

LAUnCh TC I^:drC_Ir_ TI_';= IC,en PTN.

TCTAI. TIWE= _CnC_.CC r,'lr:.

5T_TI(':{v _#AX. _qr _A_6F \'TCTF_I P(RE6) r'hX. i:'5T,V ,

I Iq,Tt 2_2°.I

2 lq,71 2_2°.1

3 IC°Tl 2_2o.I

lC.71 2_2o.I

5 Ig,71 2_20°]
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TABLE A7. - PICO TEST CASE - Concluded

CT'tTTCr t T I ItS _Tt, q TFg 5IL(k a _c T ;,c( .tend I

I_ cIC'I'_T I AST (CkTACT Co[Or'(_o,Pb.G.

46.q2

81.91

175.q7

27C.13

363.qg

393.41

424.75

442.7(:

456.62

684.11

515.q1

533.79

547,55

614.37

638.67

674,37

731.26

766,4R

825.8q

'::;24. e 5

115C.44

I18C._3

1225.g6

1243._1

1276.5q

131£,6q

140£.77

1466.15

15C]._5

15g5.93

168S.50

1783.46

1876.4q

1g03.53

1935.18

lg5_.24

ig67,,67

2031.50

205C.C7

205_._0

20_6.C6

215C.#1

2185.61

2244.q4

2341,_G

257C.98

26CC,62

2646,27

AL/_5_'A _.77 24.78 4r_.n8
aL^CWa ln.?5 84.20 16,42

A[ ASwA °.Ta R_.GO -"1.23

CA_r<_p%'C_ <.ql 23.37 -3n._8

5z%hT T/_cC I .41 25.44 _3n o£

r_CcW,a,% & m 7 16.5_ -54._4

At _Sw_, 4 -_7 7._5 -5 z,.=4

Camh ' _ #VC'V 1e. l 1 22.73 --54 . _4

5h* T f A("C 1 (_.36 2l .69 _q4 _4

_rct,'AK I0.20 7.52 -7 n. 14

ALA_VA 6.75 3.46 Io. _ 9

5/_K T f AC C l .07 60.07 -7P. ]9

_LASWn q.24 22.36 -I01 .P5

T _ 'v/_ " ,'_r: I _/f 7.42 26.4A -101 .q5

_t. _v_ I 0.'_6 49.47 --I 2 r-, 50

ALASVA 0.2] 49.Q0 -14o.16

-SL_qW/_ _ nO 88.q4 I _ o i

SA_TT_(:C q.lo 223.40 I 3,'.;t8

CADt A#\'C_" Q.? 1 21.20 13 o.£8

_CCW_ _.26 35.43 I I{-. 23

5_'TT_¢C _.cO g.39 ] ]A.23

C_A_VC _' 7._0 23.co 11_.73

qCCWat, q. 7 1 35. R ] 92,57

_L_SV_ ?.31 70.37 6p.e2

T a_ A:AP I _)F I ". _,, 54. C 1 6 * . q2

AL_Ek A q.29 24.97 q_,26

AL_SVA lO.'_5 84.70 21 .41

atTEr_ q. 16 83.81 -?.o4

,%1 ASvA A.64 84,£I -2=.70

&LA£W_ 4,74 86.3Q -40.45

C A_K APL'Ch' I C.!6 22.29 -4o._5

5_tVT f A_C 1C. ] 7 21 .29 -40.35

_CqW'_k le.'_2 l._q -7_.nl

AL D Sv_ 6. I 7 4. 1 ] -7"_. el

5_:t T/_FC A.58 57.67 -7_,01

#C 5w/_h 5.C2 l 1.g9 -9_ ,,,66

at ^,cv _ n 77 3.52 -96.66

T ^*'A"A rrI _E 3,54 28.69 -q_'. _'6

ataSva In.28 51.20 -12n._2

T_/_!_ 5_ I_F 1 C. 24 24,, 53 - 12n. 32

At _S_'_ _.71 49.09 -14!. ° _'

A t _ _WA _. 46 87. 24 - l 0 v . 62

5/_" T f AFC 7,71 223.63 !4_.07

CAchARVCk _._7 21.q3 1 _=,07

qCcwak _ 08 37.28 ]21,41
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IND

IUNIT

NLN

INIT

NVS

Ii

K1

K2

K4

I2

K5

Fldating-Point Single Variables.

ENM

EBT

ESP

EBTE

ESPE

HMX

HSM

BLANK

ASR

ANR

indicator specifying northerly (IND > 0) or southerly
(IND < 0) launch

indicator which specifies units for distance (IUNIT = 1
implies n. mi., IUNIT -- 2 implies km)

line counter for page output

flag which indicates whether first station pass of cur-
rent day has been printed (if INIT < 0) (used to suppress
"MINUTES SINCE LAST CONTACT" on first pass)

number of stations visible for more than minimum

visibility time on current nodal longitude case

loop counter

loop counter

index variable

index variable

index variable

index variable

alphanumeric characters NAME

alphanumeric characters ORBT

alphanumeric characters STOP

alphanumeric characters ORBT (zero in place of letter
O; used in case of erroneous punch)

alphanumeric characters STOP (zero in place of
letter O; used in case of erroneous punch)

alphanumeric characters MAX

alphanumeric characters TOTAL

five blank alphanumeric characters

alphanumeric constant SOUTH

alphanumeric constant NORTH
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DTR

RTD

PI2

PI

CRT

ALAB

H

AI

THLBD

ELEV

UNIT

CORR

TMIN

ALOND

ALATD

TLB

TF

DIRE

THLB

ALON

ALAT

AEQ

P

degrees-to-radian conversion

radian-to-degrees conversion

0.5 times PI

3. 141592652

earth rotation rate, radians/minute

alphanumeric indicator variable read from card
(should be equal to ENM, EBT, or ESP)

orbit altitude, n. mi. or km

orbit inclination

launch-to-injection geocentric angle, deg

minimum elevation angle applicable to all stations

indicator which specifies units of distance (n. mi. if
blank, km otherwise)

fractional increase in earth radius for refraction
correction

minimum allowable visibility time, minutes

east longitude of launch site, deg

north latitude of launch site, deg

launch-to-injection time, minutes

final time, minutes

alphanumeric variable used in writing out direction
of launch

launch-to-injection geocentric angle, radians

east longitude of launch site, radians

north latitude of launch site, radians

geocentric angle from launch backward to hypothetical
previous ascending node, radians

orbit period, minutes
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ARC

FEEL

RE

REC

HY

HZ

ODOT

DFEL

DFELD

SEMP

TSTLA

TSTLO

TEL

TAI

DIST

TSM

BFEE

FEE

FEED

TIME

TLAG

longtiude increment from launch site to hypothetical
previous ascending node, radians

longitude of ascending node at time of launch

actual earth radius, n. mi. or km

RE • {1.0 + CORR)

y-component of orbit normal

z-component of orbit normal

eastward nodal orbit precession, radians/minute

eastward shift of ascending node in one orbit period,
radians (DEFL is always negative}

DFEL • RTD

temporary variable used in computing maximum geo-
centric angle to spacecraft

temporary variable used in writing station latitude, deg

temporary variable used in writing station longitude,
deg

temporary variable used in writing station minimum
elevation, deg

temporary variable used in writing orbit inclination,
deg

maximum slant-range to satellite, n. mi. or km

temporary variable used in writing maximum geo-
centric angle to satellite, deg

ascending node longitude at start of "orbiting day"

ascending node longitude at nodal crossing for
current orbit, radians

FEE RTD

time from start of "orbiting day" to ascending node
crossing or current orbit, minutes

time from "set" at last station prior to current
ascending node to time of current ascending node
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SX

SY

SZ

HDTS

TX

TY

TZ

TM

TX1

THP

FEEC

SA

TEM

SSF

STD

TIMP

TDL

x-coordinate of station

y-coordinate of station

z-coordinate of station

• _ = cosine of geocentric station vector/orbit-

normal angle

x-component of projection of station vector on orbit
plane at ascending node

y-component of projection of station vector on orbit
plane at ascending node

z-component of projection of station vector on orbit
plane at ascending node

magnitude of station vector projection on orbit plane

TX/TM

in-orbit angle from ascending node to projection of
station vector on orbit plane

orbit ascending node, corrected for earth/orbit plane
rotation during time from ascending node to station

passage

minimum geocentric angle to satellite for current
nodal longitude case, radians

in-orbit incremental angle within station visibility,
radians

variable used as standard for comparison in sorting
station passes

variable used as standard for comparison in sorting
station passes

station acquisition time from beginning of day,
minutes

time since last contact, minutes
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Arrays. --

TTL (20)

STA i (30)

STA2 (30)

STA3 (30)

STLA (30)

STLO (30

EL (30)

C (30)

S (30)

CE (30)

SM (30)

T (30)

TAU (30)

EL2 (30)

JVS (30)

K3 (30)

UN (2)

RET(2)

See Table A8

alphanumeric title information for output header

first four alphanumeric characters of station name

second four alphanumeric characters of station name

third four alphanumeric characters of station name

station latitude

station longitude

minimum elevation angle at station or minimum

elevation angle supplied by orbit data card, which-

ever is greater

cosine of station latitude

sine of station latitude

CE(1) = cosine of EL(1)

maximum geocentric angle to satellite, radians

visibility time at station for current nodal longitude
case

in-orbit time from ascending node to closest approach
to station

minimum elevation angle for particular station,
currently not used

JVS(I) - station number of I th station contacted on

an orbit

index array used in sorting station passes

alphanumeric constants, n. mi., and km

earth radius values, 3443.9 and 6378.2

Program Listing
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TABLE A8. - AUTOMATH 1800 SOURCE PROGRAM
LISTING - PICO

CCC1

CCC2

CCC3

CC04

CCC5

CCC6
CC07

CCIO

Cell

CC12
CC13

CC14

CCI5

CC16

CC17

CC?C

CC21

CC22

CC23

CC24

CC25

CC26

CC27

CC3_

CC_]

CC32

CC33

CC34

CC35

CC36

CC3/

CP6(_

CC4l

CC42

C_43

C('44

ALTCMATH 1800 50HRCE PROGRA_ LISTING

E_N PROGRAm: PlCO JOB: r_ALTES

DIMENSION TTL(20},STAI(30),STA2(BO),STA3(3C),STLA(BOI,STLO(30).

i El (30),C(_O),S(30),CE(30).5_(30),T(30),TAUI30}.EI2(30).

2 jVS(BO)_K_(30).tJN(2)_RET(2)

3_ FC_AT(A4}
31 FCPMAT(IHI,BTH ItLEGAL OR MIKSING _ATA HEADER CARD )

32 FC_MAI (20A4)

33 FCP_$T (12)

3_ FCPNIAT (_A4.4X,3ES.I)

37 FC_AT (I_I,_3N NO NAME CAPD PPlnR TO ORBT CARD )

3Q FCPMaT(4E8,I,AS,IX.12,2F4,1,4EQ,])

47 FC_AT(I_I_40X,23H _ * * P I F n * w * // IX,20^k///34X_

I 3h_bCCRT H LAT, FAST LONG_ _lh ELEV, /37X,31_DEG_IOX_

2 3HPEG,gX_3HDFG//)

k4 FCP_AT (RN STATION _13,2X,_Ak,qX,FT,2,6X,FT,2,5X, F7"2)

4 _ FC_AT (/I 11F CREIT ALT= • F8.1,]X_A5 /12H ORBIT IHCL= _F7,2_

I _ DFG./ 27F I_A(JNC_-TO-Ih_JCCTI n_ ANG LE= ,F6.2, 5H _EG,/14H ORBIT

2 PERIOd= ,FQ,2,8_ _INUTES/14H E_TH RADIUS= ,2PFs. I_k4H PERCENT 0

3_IEP ACTUAl (REFRACTION CORPECTIO _) / 14H MINIMUM TIME= _OPFS,2,

q 4h PIN/ 29_ _F£TWAPD SHIFT cF hSC, NODE= _FT.2,IIH DEG,/ORBIT }

4b FCPt, hT( 52H _IATICN r!AX, APC R_NGE VISIBLE(DEG) MAX, DIST, ,

1 Ab / )

4_ FCP_AT(3X,12,14X,F7,2,19X,¢8*I)

105 FCP_AT (1_I_ 50H poST INJECTIon, COVEPAGE StOUENCE (INJFCTInN TIKE=

1 • F7.2,1_H MIN. AFTEP LAIjHC_) ///

2 IQH ?I'AF_ STATICN,4X,3PHMI_'bTES MIFUTES SIr,ICF LAST ASC,NO

3PE/?P _IN. _16X,37HID: SIGHT LAST CONTACT E,LONG.,DEG, //)

I0_ FCn_:ATIFR.2_X, 3_4_ F_.2_X_FT,P,TX_FS. 2)

1 IP FCP_,'AT(F_.P_X,3A4,F_,2_2OY_FH,2)

182 FCP_AT(IgH LA_IC_ LCNGITUDF= .F7.2,10H DEG, EAST/ 18H LAUNCH LAIIT

I(,DF= ,F7,2,11_ _FG. NCPTH / 21H LALINCH ,VEL{ CITY HAS _ A5_ 14HERLY

2CCPtPPb]Ft_T/ 2&H I A[JD!CH lO I_'JFcTInN TTl,iE= , F6,2_ 5_4 _IN,/

3 121 TOTAL TIF_F= , FIO.2,_H _4Ti4, //)

FNV = 4HNA_E

F_T = 4H_R_T

F_P : 4H_TAP

F_TF = 4_40P_T

FSPF = 4F_ToD

_NX : 6 H MAX

_5_ = _)-i T_TAL

LK(1) : _I."I.

_(2) : 5HKM,

pET(l) = 344_,q

_ET(2) = 637R°2

PLA_'K = _H

ASP = 5HSOIJT_

_NP = _H_!QPTN

_'Y : 0
_I_ : C,0174_32o2b

p_P = Rf,2Q57795

PI? :I°57079A326

?I = 3°141_9_ K2
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TABLE A8. - AUTOMATH 1800 SOURCE PROGRAM

LISTING - PICO - Continued

IF".

CC4%

CC46

CC47

CC5C

CC5I

CC52

CC_3

CC54

CC_5

CCk6

CC57

CC60

COAl

CCS_?

CC_3

CCA4

CC_

CC66

CC67

PC #0

CC7I

CC72

CC73

CC7_

CC75

CC76

CC77

CICC

C1C1

ClC2
C1C3

Cl_

C105

C1C6

clC7

CllC

Clll
Cl12

CII'_

ella

C115
CI16

ell7

C12C

Cl2l

C122

C12_

Cl 2¢

C125

C126

C127

A L I C',"A Ti- !_oO gOlqRCE i R C)(-ff_A rA L_I ST It,:6

EFN PRq6P ."-M : plCO JOP: r:A I TF5

C_T = 4.3752639E-%

I '_ PEh[](5,30) ALAP

I} (s\lA n .FO. Er,!") GC TC! I0

IF(/lID n ,,Fe). Ek_T .OP. ALAP oF(:. FhTF) GO 11 II

IF(M.A m .FQ. ESP .Ca'. AtA@ .tO. rSPE) (,O It i

Vd4 I TE (q.'%l)

1 _ clOl; 1 _
1 _Tr_, 1

1 f` _'Y = 9_

PEAr; (_.'421 {TTI (1).I : 1.2_)

PEal; ('_,,:13) NST
r'C 34 l : 1 ,'_!5T

f'_Eal] (_',35i 5T_l (I) ,5IA2(T).STA_(I),,SILA(I),,STLO(1)',EL (1)

_ll,a(1) : _TLA(1) .w DIP

FTI:;(1) : 5ILC(T} * Plb:

FL(1) = _I (1) * I;l'P

C(1) : CCS(5TLA(1))

FL2(1) : FI (T)

<(T) : bI_!(sTLA(1))

FE(1) = C(GS(CL(1))

3_ CCr'I If\,L,F

cC lC 15

ll IF (_iv .6I. :_) 6(; Tr" 3_,
_.RTIF (9_:) 7)

CO TO I 5

3{" DE#_[;(5,,3_) H,,_I.TI-LPP,,ILFV.II_'IT,,t_P,,COg'I_iTF IN,ALor_F',_I._T[_,TLn.ll

_IF_F = ACr_

IF (lt<',,GT. _) F'IWF : ,"_IP

aI = _I * mlr_

FLFv : [[.F\! .W D]_

Atr',< : ALRH[; _ r'__,'
_L^l : A[ aTI] _ Rl'l_

AEr : hUgI_STN(_INIA[JT)ISTF!([,I)))

IF(I_,'IZ.LT._) AFC : l'! AFr"

TF (ALAI.IT. C,.¢_) /_fl : 2. c_ .w Pl - P,F(2

AEP : _F_ - TI.F: ',w- 2o0 -N Pl / I.'
,'_C = hSIN((_IN(A[nl)_COS(^l))/(cl_(AI)wCoS(ALAI)))

_EFI : ALP"! - X_;-"C

IF {TNP .I T. O) FFfl : AI.C _'' + A_r - Pl

Tbr'l "r : 2
IF (I:NtT .Ft.. f!LAr,i<) ltlr:IT : 1

F?E : RF1 (IIINII)

_'_EC = PF i* (|.O ÷ (-c'r,,.)

_-f : CC5(AI)

r?C g'_ T:l ."IST

[L(I) : FI )iT)

iF (FLFv .IE. FI (1)) CF' TC 4n

FL( I ) : ClFV

CE(1) : cCg(F'I FW)
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TABLE A8. - AUTOMATH 1800 SOURCE PROGRAM
LISTING - PICO - Continued

|F,':

C13C

CI?I

Cl_.2

C133

CIB4

C135

C13_

CI?I
C]_O

CI4I

CI_2

C143
CI_4

C146

C]67

C_50

C1_I

C152

C153

C154

C1_5

C15#

C157
Cl6O

C161

C162

C]A3

CI_.4

C165

CI_

C167

C170

Cl?l

C172

C173

C174

C]75

C17t_

C17-?
C2C0

C2CI

C2C2

C2C3

C2C_

C2C_

c2r6

f, Pr7

C210

C211

C212

AL TCr:_TH ]RPO r,OItRCE F kOC, RA'4 LISTING

E_r_ DRn(:F AM : PICO JOt!: !_AI.T[ S

4C" CC_'IINLF
39 P =SL_.49*((iI4*PE}/_F) _ 1,51

CLr'l =-I.71152bE-4 _ (OSIAT)III. m ÷ HIPE)_3.5

PFFI = P _ (nDCT - (FX)

_FFI r" = -OPEL _pTF,

PC 41 I = I,_IST

cE"P = RFc w CF (1)/ (PFC ÷ H)

5E_'P : S r_Ip / SC_T(I. - SF"P _ S r'!n )

5E'l- = AT^_I (SFMp)

_V(1) = PI2 - FL(|) - SE _p

5N (I) = _c(1) • (I.C ÷ CC p_)

41 CC _ I TC,!{ F

V_cTIF (9'4P)(lll (1)' ] =1,PO)

PC h_ I = I ,_5T

TSTI _ = RI r) _ ST[ A (I)

T_TI 6" - PT m w F-TI C ( l )

TEl = PTR * CL (I)
_RTF_ (9,44) I,_T#I(T),STA2IT),STA_IT),TSTLA,TSTLO'T_L

A_ (CB I _L.F

TB_ = AI _ RTD

_IIF(q,45) _,UP(IL!i,TT) ,TA_,_TI-'I _D,P,CO_R_T._ IN,DFEI I_.

_IIF (9,1R2) ALcND,AI_ATD,r'IPF,TI U,TF

BkTl r (g,6_) U_,,(ILNIT)

PC ,_7 I = 1,_51

PlCl = SIrJ(SM(1)) , (_F+H) / STN(pI2*EL(1))

T5 _' = evil) * _TD

vRTI F (9_4q) I,TSV,F:IST

_7 CC_ TTNt. E

DF_E = FFFL - P,FFL _ AFQ / (2.P * Pl)

]C p PFFEr'= RFFE * PTD

b, RTIF (9,105) TI F_

L _ = 7

FE r-- = PFFF

lgl TF (FFF ,GT, (-PI )) 60 TC lqO

rE r = =FF + 7o0 _ Pl

(C l O 19[
_gP _LF_ = FCF _ RI r"

INII = 100

ll_'_ = -n * AEC I (2,0 _ PT)

TL/(, = O.n

4 FC 5q I = 1-,NST

SX = C(I} * CCSISTLC(1) -FPE)

_Y = C(1) * _It:(STIC(I ) -FrE)

_Z = 5(I)

FET S : 5Y_AY + ST_HZ

TX = 5×

Ty = 5v - _Y*HPT_

TZ : 5Z - HZ*f_BTS

TV = 5C[_T(Tx_Tx + TY_TY + TZ_TT)

IXl : TXITM

TKr" :0,0
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TABLE A8. - AUTOMATH 1800 SOURCE PROGRAM
LISTING - PICO- Continued

I F_,'

C213

C214

C215

C216
C217

C220
C22!

C222
C223

C224

C225

C226

C227

C230

C231

C232
C233

C234

C235

C2_6
C237

C240

C241

C242

C243

C2A4

C245

C2_,_

C247

C250

6251

C252

C253

C254

C255

C256

C257

C260

C761

C262

C263

C264

C265

C266

C267

C270

C2_I

C272

C273

C274

C275

AI,TCr,_ATH I PO0 SOURCE FMOGPAM L I 51 It,iG

ErN PROCRA_: PlCO JOH: ;_ALIF5

IF (aB_(TXl) ,GTo 0,0000011 THP : #TANISQRIII,-TXI*TXI)ITXI)

IF (THP .GE. 0.0) GC TO, 51
IF (TZ ,GF. F).(]) QO TC 52

TF_r : Pl - TWP

6C TC _3

52 TI--P : Pl + T_P

C-C I r =;3

51 lb (TZ .LT. n.O) THP = 2.0 * PT - TIiO

57 TAL(1) = P * THP /(2.0 * P_)

FEFC : FEE * (OF)OT - CRT) * TAIP(T)

_x : C(1) * CCS(STLC(1) - _-EC()

_Y = C(1) * _I_(STLC(1) -FErC)

_-DTS: _Y*_Y + S7_Z

_A = P12

IF (^_'_(_RT5_ .{T. C.gggqg n) 5A:AI/';_(AbS(HL TS)ISO_T(],-HcTS*HI)T5 ) )

T(T) : O,C_

IF (cA .GE, _M(1)) CC TO 5n

TEW : CC_(SM(1)) / (_5(SA}
TE tv : ATAN(5_RT(I.O- TE_*TE_)ITrP',)

T(T} = P * TFM / PT

50 CC I_:TTNI E

N'VS = C

RC i00 I = I,NST

TF (T(T) .LT. (T_'IN + O,0crol)l r:C Ir' I00

_'VF : NV5 + 1

J_5 (_'V_) = I
_C r CC_'TTNI F

IF (_'v_ .C,T. O_ C_C IF 10i

TL*_C- : TLAG + p

GC 1c 161

1C1 55F = -InOn,n

PC; i?0 11 = I ,_VS

SI r = lOOO.O

PC 140 KL : I _\/_

v2 ..: JVS(KI)

_F (TAI_(K2) .(:g. 5"[I_) G() T _ ]z+g

IF (TAL(WC2) ,,LF. sSF) GC T r tgn

CT_ : TALJ(KZ)

_40 CCP'T INI E

_5 F : STD + Q.OOC_Ol

12e CC_'I TNLE

v4 : I':_(1}

TIP:_; : TAL, IKG) + III'F - 0- _ * t(V4)

IF(I_N'P .GT. TF) CC TC 15

IF((*IVp + T(K4))°tT. Tt,_#) Gr" TO 175

IDI = TALI(W4) + Tt.A(: - 0.5 * T(Kt.)

IF(I_L .LF. n.o) TPA = 0.O

IF (TNIT .IE. O) 6C T(" 205
IF (_L _' ,I T. 55) OC TC 2C_0

I,RT IF (g,105) Tl _
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TABLE A8. -AUTOMATH 1800 SOURCE PROGRAM
LISTING - PICO - Concluded

IF _

C276

C277

("_[C

CIC1

C!C2

C_C3

C_C4

C!C5

C_C6

C3C7

C!IC

C311

C_12

C313
C3la

C_I_

C]16

C317

Cl. 2C

C_2]

C_22

C323

C_24

C _2_

C326

C_27

C3_C

C_31

C332

C333

C3_r_

C_6
C B37

C :_,', C
C3¢1

C_42

C343

C_44

C2_,5
C_46

C347

C 75(]

C_51

^t. lC_iATh l_nO 501._R( E t PO(IKAM LISTING

Epl ,, D_eC_AW: I-;I((', oOP: i'AI TE5

fLY -- 7

PC n k_TTF (9,170)TI_'P,SIAI(K4),STA2(Vq),<TA3(KL+),] (K4),FFED

_L_ = _':t r'' + I

TF, TT = -IOn

CC re 1 7_

2C _ IF (_'L_ ,i T. 55) 60 TC iaO

L_KtlP (9,105) Ti B

_L_ = 7

180 I,RI [P(q_IO6)TItJP,STAI (K:+) ,_TA2 (K6) ,STA3 (K4) ,T(K4) ,TDL ,FEFD

_L_ = I_L_I ÷ 1

17 _ TF (_'V c ,I F. I) 6C l(' 162

PC l_O kl = 2,NVS

II = K_(FI)

T2 = Kg(V..l-l)

TI_'i : : Tt',_(I1 } + TTV[ - 0, _ * "r(Ill

IF (TI_p .61. "IF) 6C IC_ 15

IF (TI_'P ÷ I (Ill ,I 7 TI_R) 6e TO. 160
TDI. = TAIJ(TII - T_LI(12) - n,_ * (T(II) + l(12))

IF([F'L .iT. n.o) IDL = C).C

TFII_"IT ,1 r, O) GO TF" 206

IF (PLY' ,I T. 55) CO It" 201

VRTIF (9,1n51 ILF_

_'L r' : 7
?el I'!_ITF (9,1701TI_.,p,STAI(II),ST_%2('rlI,_TA3(II),T(III',FFE[')

F,L_' : l"L_X! + 1

TNTT = -Ion

CC TC 16C

2C A IF (_'_l.n ,I T. 551 CC TC 19_

bRl [F (9,1n51 IIB

t, LI_ = 7

19 n _,FTIF(c;,,Io A ) TI_'P,SIAI(II),STh_(TII,SIA3(III,T(III,TDL,FFED

_L _' = _L'_I + l

16 ° CC_"fTtq E

162 K5 : Kq(N\xS)

TLh<_ = P - T_E(KS) - e.5 * T(V _,)

16l r_-r : FEE + m,FFI

lq a IF (FEF ,6 T , (-PI )) GO TC 105

FLF = PF p ÷ PoO * Pl

rC Tr" t94

19 _" FEeD : Frk _ RID

TI_'F = TIMF ÷ p

IF (TI_"E I E. IF) GC T(, g

('C ir 15

FI'P
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APPENDIX B

STADAN TRACKING CAPABILITIES AND SYSTEM DESCRIPTION
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APPENDIX B

STADAN TRACKING CAPABILITIES AND SYSTEMDESCRIPTION

This appendix contains general data on the tracking systems at STADAN

stations.

There are two satellite tracking schemes available in STADAN. These are

the Minitrack and the Range and Range-Rate system. The general charac-
teristics are as follows:

• Minitrack:

Receiving frequency

Receiver noise figure

Minitrack antenna gain

Ambiquity antenna

Tracking accuracy

In-Track error

Range and Range-Rate system

vhf Transmitter frequency

vhf Receiver frequency

S-band transmitter fre-

quency

S-band receiver frequency

vhf or S-band transmitter

power

vhf receiving antenna gain

136-137MHz +750 Hz

1 KHz steps

3 dB

16.3 dB above isotropic

6.4 dB above isotropic

0.3 milliradian (topocentric)

300 m

148 MHz

137 MHz

1801 MHz

2253 MHz

1 kW or 10 kW

33 dB

Tracking accuracy (each station)

Range +15m
Range-rate 0.1 m]sec

In-track error 100 m
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The stations associated with the Minitrack and the Rangeand Range-Rate
system are identified below.

Stations Minitrack R& RR

Alaska X

Orroral X

Carnarvon X

College X

Fort Myers X

Gilm ore

Johannesburg X

Lima X

Quito X

Rosman X

St. Johns X

Santiago X X

Tananarive X

Wink field X

The geodetic locations of these stations are presented in Table G1 of
Appendix G.
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APPENDIX C
POSTINJECTION S-BAND RANGE]RANGE-RATE

TRACKING COVERAGESEQUENCE
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APPENDIX C

POSTINJECTION S-BAND RANGE/RANGE-RATE
TRACKING COVERAGESEQUENCE

This appendix contains the sequence of tracking station contacts (tracking

coverage) for the S-band Range/Range-Rate system during the first I0 000
minutes of the orbit. The first page of Table C1 provides the listing of

input parameters and the following pages of the table provide output data on

minutes in sight, minutes since last contact, last ascending mode east longi-

tude (degrees), and revolution number.
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TABLE C 1.- POST-INJECTION S-BAND RANGE/RANGE RATE
TRACKING COVERAGE SEQUENCE

PCST-IB'J_CTIrN s-PANP OANGFIOA_GF-pATE TRACKfN_ COVERAGE SEQUENCE

NCpTH I_AT, EAST I.r)r16, MIN ELEV,

DFC mF _ DEC,

5TATICN I AI _K 6 65.00 212._0 i0,00

5T#TICN 2 C6_!#PVCh -24.50 11_.40 lO.CO

5_TICN 3 R_SMAN 35.20 P77,10 [0,00

5TATICN 4 5^NT[66C -33.10 ?8Q,BO lO,O0

5T#TICN 5 TANA_ARI_¢ -Ig.50 47,_0 10,00

CR_IT ALT= SO0,C KW,

C_elT INCL= Q?.3R PEn.

LALhCP-TC-IK'JCCTIrN ANCIE= 20.00 _EG,

C_BIT PERIC_= 94,62 NTNUTE5

E_TF pACIC_: 3_,O PEPC_NT CVEp ACTt!AI (REFRACTIO_ COpRFCTI_N)

WINIWL_ TIWF= ,Ce wI _

_FSTBARR 5FIF T rF A<C. K'CPE= 2_._5 _FG,IORBIT

L_L_CI- LCNCIT_I_F= -]20,_3 DEC, FAST

LAL_<C_ LATITS_F= 34.7A _E_, NhRTH

LACh(b VELCCITY PA5 5CLThPRLY C_N_C_!FNT

LALNCF TC I_'JFCTICN TINF= IC.O0 PiN.

TCTAL TIWE= lOnO0.OC Wt;_,

STATICS! MAX. ARC PAr_C_" VI_IBL_(_EG) _AX, OTST,KIA,

I L_,_8 IS52.R

2 l_,aS I_52,_

3 lq._8 IRS?.R

4 15°_8 i_52,8

206



TABLE C i.- POST-INJECTION S-BAND RANGE/RANGE R#TE
T-_.AC_.IiNG COV_,_AGT) ¢) ..... ,L_ _rJ__,E - <,ontinued

PCST INJECTTCr' CCV[F_ACE bFCi F_!CF (I_._JF(TI_TN IIWr: Io.C)P _If", AFTFR L AIFLCt_)

TIWE, ST^TIC w WT!,L'IFS I_IrflJTF.K SI_CE I A_T A_C,,NnDE RFV.

MII_, I _' 51C-HT t AST (O!_TACT r,ICT_TG.,P. FC,. F_O,

58,25 Th_!A_APIVF 7,_2 61,73 I

q�,04 ALASKA 7,54 27,2P 3v,58 I

187.09 ALA5_A 7,_3 86.51 la._2 2

281.62 ALASKA G,a3 8_.69 -Q.73 3

4C4o_1 C_NA_WC_' _.18 117.56 -3_.38 5

453,q6 _C_AN _,12 4_,27 -57,04 5

495.39 (A_NA_VCN 7,31 38._1 -57,04 6

527,12 S_TI_C 7.9_ 24.41 -57,04 s

54q.q8 [_C_A_ 7. _7 q.££ -£_.69 6

55£.37 ALASFA 2.5R 6.62 -R0,69 6

64q.6R ALASKA 6._4 R7./_ -]04,_5 7

695,20 TA_Ih_'AOIVF '_.a2 2P._/) -104,a5

742,29 ALASKA £.98 51. /6 -12R,_O R

778,11 TA_!AK'APIVE 6,_7 2l.l_ -12R,O0 9

837,46 ALASWA (',07 53,Z8 -15l,&6 9

1161,29 SANII_cC 7,14 _17.70 ]57,_8 13

1191.88 CAPNARVC_' _.70 2_.£0 1 _7._8 13

1237,05 PCSMAN 6.17 _1.4? II_,73 -- 1,,

1255.48 5A_!T f AC:C _._7 12.Z_ ]1_,73 14

1331.16 _CS_AN A._9 t0.61 qn,o? 15

1477,2/ T_'ANAP IVE _.nl I)0._2 66,_2 I_

1512,54 ALASKA 6.q8 27.20 47.76 16

1606.43 ALASWA _.n3 86.q1 lq.11 1 1

17CC,_5 AI. A5_A 6,11 _6 z,O -4,_4 18

1916,55 CAQNARVCN n,P2 207.5_ -51,_5 2[

1946,30 5ANTIAGC _,O3 23.72 -51,£5 21

1964,25 Rc_MAN Ron9 q.92 -7_,51 21

206q,66 ALASWA 6.22 q7._3 -nO.16 22

2161,B0 ALASKA n,n4 £_.g? -122._2 2_

2196,82 TA_'A_'ADIVE 7,_0 2_.)}_ -177._2 2_

2256.31 ALASWA 6.cl _l.ql -1qA.47 2q

25£1.R2 5ANTTA_C _._n al_._u 142._/ 2_

2611,6£ CAPNAR_ICN A,4(q 24,_8 1,+?o57 2R

2657.77 qC_WAN _.04 _9.69 ll_.ql 29

2673,q7 5_NTT_TC 7.n1 13.16 11_,_I 29

2706.93 CA_N_RVC_! 5,24 25.W6 l|_.ql 2 _}

275C.05 I_CS_AN 7,67 _Z._{R 9_.26 ]()

2896.67 TA_A#'APIVE 7,£I 1_P.95 71,6t 31

2932.12 ALASKA 6,16 27._ 47.a5 _I

3025,79 _LAS_A q,_9 87. tin 2_,_0 _2

312C,12 ALASKA 6,76 _6 25• ,64 33

3215.14 ALA5_A 2._0 R0.27 -2a.01 34

333_.15 CAeNA_VCN 7,07 116.70 -46,67 36

3365.74 5ANTIAGC 7.4_ 23.6/ -46.67 36

3383,87 RC_NAN 70_2 IO. Tl -70._2 36
3462,04 5ANTIAGC 4.15 tC1.3_ -7n,32 37

3481,09 RCS_AN ].46 14.qO -q_eqt _7

348g.75 ALASWA _,_A 1.20 -9_.q7 37
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TABLE C i. - POST-INJECTION S-BAND _ANGE/RANGE RATE

T BAC ZING C OV ERAGE SE GUE NC E - C ontinued

PCSI I_JECTICr, CCVFp_E SFCtFr!CF fI_JF(IICN TIre= I0.00 Mih. MTER LAUNCH)

iT,wE, F-TATTCN YTiJtJ]E5 MTNL:TF5 5]NCF I AgT A£C.NOD[ RLV.
KI •_I_;. I' <IGHT I AST (C,NTACT F,,IO G.,,DEG. l O

3581.42 _tA5V_ v.m6 8_.20 -IIT.65 3R

3616.C_ TA_ABAmIVE P.C8 26.80 -I17.63 39

3675._ ALAS_ 7.49 51.19 -141.28 39

40C_._3 S_K_TIA_C .1_ 321.49 ]47°75 43

4C32.42 (_ON_N\/C_ 3,]0 27°93 147075 43

4C93.05 5_m_I_6C m.m8 57.53 124.10 44

4125.30 C#mM_R\IC N 7,17 24.37 124,10 44

416g.21 RC_V#N _,q8 36.75 10_.45 45

4316.49 T_!A_.'_mIVE 4,_2 139.20 76°79 46

4351,S5 ALASVA 4.q5 28.74 5_,14 46

4412,17 T_4_'_IVE 4°17 55°37 53,|4 47

4445,11 ALAS_ _•_0 2R,g_ 29°4R 47

45_&°41 nLASVp 7•27 86.24 _,_3 48

4634,14 _L.a5_ 3.75 £7°46 -17,_3 49

4754,]B C_PNA_WCN 7•18 I]6.28 -41 °48 51

4785,55 5_NTTA_C _.q] 24°20 -41o48 51

4803.87 _C<_/AN 6,q2 12.39 -6_,15 51

484g,39 /_DNA_\/C_' q,48 38°60 --6_,]5 52

488C.20 5_TT_6C 6._5 27.32 -65°13 52

4898,24 RC_Y_N £,74 ]1°49 -8A°79 52

49Qg,96 ALASKA 40_4 5,9R -8R,79 52

50CI,14 ALA5KA 7,_6 R6.64 -112,44 53

5C35,7q T_K!A*!A#IVE #,78 27.0Q -I[2,44 54

5094.54 AL_SVA 7•_5 50.96 -IBA.IO 54

51q],C6 ALASFA _,TR 88.67 -159°75 55

5512.53 5_B!TfACC q,C8 917.6R 120,29 59

5544,1q C_DN_\/C_! 7°q£ 23.58 120,29 59

5588.62 _C£_AN _._0 B6.46 I0_,63 60

5685._ _C_WAN 1.29 89.32 £1.98 61

5737,1Q T_'A_IAmlVE _.51 50.07 81,98 61

5771.g5 aLASVA 2._q 31.]q 5_°32 62

583C.22 T_A_ADI_IE A,79 55.3R 5R°32 62

5864,5g ALA5K_ ?,75 27.58 34.6t 62

5958.?1 ALASVA 7.67 R6.37 i],02 63

6053,_0 ALASKA 4,82 86.92 -12•64 64

6174,q] /_DN_RVC _! _,_i I]6.69 -]6,29 66

6206,52 5_BTTTA6C 1•g7 26.4D -96,29 66

6224.40 _CSY_N _,R9 15.91 -50.05 66

6267.53 C_PN_R_CN Ao49 _7.S4 --50,g5 67

62gS,g3 5_WTT_GC 7,68 25,10 -50°Q5 61

6316.R0 RCSMAN 7,_0 lO.IO -8_,60 67

633C.91 AL_5_ 3,40 6.2] -83°60 67

642C,g7 &L_5W_ 7,]3 87.26 -I07,26 68

645&°00 T_A_DI\/E A,59 27.90 -I0V,26 69

6513._6 AL_SW_ P.C4 51.27 -130,91 69

655C.50 TA"A_IADIVE 4.99 28.60 -150,91 70

660q,44 ALASVA 5.45 54,56 -]54,56 70

6qB2.qS 5_TT_C 7.6A _17.50 134°47 74
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TABLE C I.- POST-INJECTION S-BAND RANGE/RANGE RATE

TRACKING COVERAGE SEQUENCE - Concluded

PCST Ir"jECTIC _' CCVFPArE 5FCI.F'ICF (If JFCTION TIMF= 10.00 MIN. A_TER LAUNCp)

TIFE, 6T^TICN NINIJTF5 _NI_TE5 51r_CE L AC, T ASC.NODE REV.

F'IN. I_,' SIGHT I_AST (Ok;TACT F.LONG,,DEG. r_O.

6q67.41 CAPNA_VC_ R.CI 23,37 134,47 74

7008.30 RCF_AN 7._4 36.88 II0.82 75

702_.18 5A_TI_C 2.79 12,85 II0.n2 75

7103.2l RCS_AN 6,_6 72.24 87o16 76

724_.81 TA_'A_IAPIVE 7-87 ]40.23 65,51 77

7284,05 ALaSkA 7._2 27.18 3_,86 77

7_78,04 ALA5_A 7.03 86.66 16.20 78

7472.5] ALASZA 5,69 86.54 -7,45 79

7686,20 C_PNARVC _I 7.73 208,00 -54,76 82

7711.96 SA_!TT_CC R._8 24.03 -54,76 82

7735,_5 PC_WAN 7,q8 9.81 -78,41 82

775C.g5 ALASVA 1.72 7.11 -7R,41 82

784C,g0 ALASKA 6,58 88,22 -102,07 83

7877,11 TAKA_I_PlVF _,71 29.64 -102,07 84

79_3,30 ALASKA _,08 52.48 -125.72 84

7g68.69 TA_A_!APIVE A._O 27.31 -12_.72 85

8028.]7 ALASKA 6.48 52.5_ -14q.38 85

8352.65 5A_TIAGC 6._5 318.00 13g,66 89

8382.q7 CA_NARVC_! 7.26 23.77 13g.66 89

8428,42 RCCMAN q,17 38,19 116.01 90

8445,g5 5_,ITTA6C A,11 12.36 116.Ol 90

847_.65 C_PN_vCN 2,q8 27.59 116.01 90

8521°_7 RC_MAN 7,17 39,24 92,_5 91

866P,20 T_K!_KIAPIVF R°t6 I89,17 6Q.70 92

87C3,58 AL_5_A 6.66 27.32 4_,04 92

8797,38 ALASKA _.C7 87.14 2)._9 93

8891.77 ALA5WA 6,41 86.31 -2.27 94

8987,26 ALASKA ,82 89.09 -25,92 95

gIC5,56 CADNARVCK' R,09 117.48 -49.57 97

9137.25 5#KTIAGC m,_5 23.60 -40,57 97

9155.28 RCCMAN R,C4 10.]7 -7_,23 97

926C,g3 ALASF_ 5.q0 97,61 -g6.88 98

9352.85 ALASW_ 7,q8 86.03 -!20.54 99

9387.68 TA_!A_APlVE 7,gl 26.84 -120,54 100

9447,}i ALA5_ 7,]9 51.53 -144,19 i00

9773.60 5Ah!TIACC 4,24 _lg,30 144,85 104

g803,04 CA_NA_VCN 5.37 25.20 144._5 104

g864°74 SA_'TTA6C 7.49 56.33 121,19 105

9897.36 CA_NhRVCN 6.28 25,13 121.19 105

9_4C.89 RC_AN 7._2 37.2_ 97o54 106
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",',ECnDING PAGE _LAI"4i< NOT FILMED.

APPENDIX D

S-BAND RANGE/RANGE-RATE TRACKING COVERAGE PROFILES

This appendix contains the tracking station contacts for the S-band tracking
system during a typical day of the operational lifetime. The first page of
Table D1 provides the listing of input parameters while the following pages
of the table provides output data on minutes in sight, minutes since last
contact, and last ascending node east longitude (degrees).
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TABLE D1. - S-BAND RANGE/RANGE-RATE T1RACKING
COVERAGE PROFILES

5-gAND RANgE/RANgE-RATE T_^C_ING COVERAGE PROFILF5

NORTH LAT, EAST LONG, MIN ELEV,

DFG DEG DEG

STATION I ALASKA 65.00 712,50 I0,00

STATION 2 CARNARVCK -24.50 113,40 IO,O0

5TATICN 3 RCS_AN 35.20 277,10 10,00

STATION 4 SANTIAGC -33.10 28q,30 10,00

STATICN 5 TANANARIvF -18.50 47.30 10.00

CREIT ALT= 500,0 KM,

CREIT INCL= 97.38 DEG,

NODAL LCNGIT_E STEP SITE= 1,00 _EG.

ORBIT PERIOD= 94,62 MINUTES

EARTF PACILS= 33,3 PEPC_NT CVFR ACTUAL (REFRACTION CORRECTION)

_INIMLY TIME= 1.00 WIN

WESTkA#D SFIFT CF ASC, K!O_E= 23.65 DFG./ORBIT

ST#TICN WAx. _R( RANCr VISIBLF(nEG) MAX, DIST,KM,

I 15,_9 IR54,0

2 15,$9 IR54.0

3 15,_9 _B54,0

4 15,39 IR54,0

5 15,_9 IR54°O

EAST LON(ITUDE,AS(. NC_F (TIME=O) : ,00 DEG

TIME, STATION MINUTES MTNUTFS SINCE

_Ik, IN SIGHT LAST CONTACT

25.83 ALA5KA 6,69

12C,gl ALASKA 2,08 88.39

239,80 CARNARVCN _,02 116.81

271.41 SANTIAGO 7.55 23.59

289.52 RCS_AN 7.R9 10.56

367,q8 5ANTIAGC 3,67 70.57

395,36 ALASKA 5,57 23.70

487,08 ALASKA 7,g0 86,15

521,77 T_NANAPlVE 8,07 26.79

581,C8 ALA5KA 7,43 51.24

g09.Ol SANTIAGO 2,08 320.49

937,82 CAPNARVCN 3.78 26.73

998.76 5ANTIAGC ?,R2 57.16

I031,09 CA_NARVCN ?,01 24.51

i074,93 RCSMAN 8.06 36.83

1222,10 TANANARIVE 6,84 139,11

1257,49 ALASKA 5,14 28.55

1318,15 TA_!ANARIVE 3,61 55,52

135C,87 ALASKA Q.02 29.11

1445,12 ALASKA 7,22 86.22

1539.87 ALASKA 3,61 87.54

LAST ASC,NODE

E,LONG,,DEG,

.0o
-23,65

-47,31

-70,96

-94,62

-118,27

-141,93

-212,89

.236,54

.260,20

.283,85

-307,50

-331,16

.354.81

.378,47
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TABLE DI. - S-BAND RANGE/RANGE-RATE TRACKING
COVERAGE PI_OFILES - Continued

EAST LON6ITUDF,,AS£. NCCF (TIME=O) = l.O0 DEG

TIME, STATTCN WINHTFS MINI_TF5 SINCE LAST A_C,,Nr)DE

I_IN. I r',' 516HT LAST CONTACT F,,IONGe,,DEG.

25.83 ALASKA 6.NO 1,00

120.82 ALASKA 2.44 88.19 -22.65

239,90 CAPNARVCN 7,g5 116.63 -46.31

271.47 5ANTIAGC 7.36 23°63

289.62 RC_AN 7.79 IO.Tg -6Q,96

]67,64 SANTIAGC 4,40 70.23

386,46 RCS_AN 2.17 14,41 -93,62

395.53 ALASKA 5.41 6.90

487.16 ALASKA 7._5 86.22 -117.27

521.81 TANA_!APIVE _.09 26.80

581,05 ALA5KA 7.52 51.15 -140.93

938.34 CAmNARVCN 2.65 349.77 -211.R9

998.76 5A_TIAGC 7.g2 57.77 -235.54

103C.98 CAQNARVCN 7.26 24.29

1074.93 RCSMAN 8.09 36,70 -259.20

1222.26 TANANAPIVE 6.50 139.25 -282,85

1257.60 ALASKA 4.P5 28.84 -306,50

1317.75 TANANAPIVE 4.46 55.29

1350.90 ALASKA ?.q9 28.68 -330.16

1445,12 ALASKA 7.31 86.23 -353.81

1539.84 ALASKA _.R5 87.ql -377,47

EAST LCNC1TDDF.ASC° NCCF (TIMF:n) = 2.00 DEG

TIWE, _TATICN WINUIFS MIMLITFS SINCE LAST ASC.NODE

t,'IN, I', SIC HI LAST CONTACT F.IONG.,DE6,

25.84 ALASka 6,_I 2.00

12C,26 ALASKA 2.76 88.01 -2],65

240.02 CAPNARVCN ?.n5 116.50 -4_.31

271.55 SA_'TIAGC ?,]h 23.69

289.74 RCSPAN 7.66 11.04 -68.96
367,97 5ANTIAGC 4.q9 69.97

385,86 RCSMAN 3,37 13.49 -92,62
395.70 ALASKA 5.2_ 6.48

487.24 ALASWA 7._0 86.29 -116.27

521.87 TARA_'APIVE _.08 26.83

581,03 ALASka 7,61 51.08 -139,93

678,86 aLASKA 1,26 9N.22 -163,58

998,78 5ANTIAGC s.nO _IS.66 -234,54

103C,88 CADNA_VCN 7,47 24.10

_074,g4 RC_MAN _,09 36.59 .258,20

1222,45 TANANAPIVE 6,10 139,42 -281.R5

1257,73 ALASKA 4.54 29.18 -305.50

1317,44 TANANADIVE 5.13 55.17

135C,g2 ALASka 7,q6 28.36 -329,16

1445,1B ALASKA 7.39 86.25 -352,81

153g,82 ALASKA 4.07 87.29 -37&,47
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TABLE D1. - S-BAND RANGE/RANGE-RATE TRACKING
COVERAGE PROFILES - Continued

EAST LCNCITLD_,ASC, NCCF (TIME=O) = 3.00 DEG

TIWE, STATION WTNUTF5 MTNUTF5 SINCE

MIh, I_ SIGHT LAST (ONTACT

25,84 ALASKA 7,01

120,70 ALASKA 3,05 87,84

240,15 CARNARVCN 7,72 116.40

271,64 SANTTAGC 6,q 9 23.77

28g,87 RCSMAN 7,51 II.33

367,14 SANTIAGO 5,49 69,76

385,45 RC5MAN 4,19 12.82

395,88 ALASKA 5,07 6.24

487,33 ALASka 7,75 86.37

521,95 TANANAPIVE 8,05 26,87

581,01 ALASKA 7,68 51,02

678,34 ALASKA 2,25 89.65

998,82 SANTIAGO 8,05 318,22

1030,80 CAPNARVCN 7,65 23,93

1074.97 RCSMAN A,_7 36.52

1222.68 TANANAPIVE 5,62 139,64
1257,87 ALASka 4,19 29.57

1317,19 TANANAPIVE 5,67 55,13

1350,95 ALASKA 7,gl 28.09

1445,14 ALASKA 7,47 , 86.27

153g,80 ALASka 4,28 87.18

LAST ASC,NODE

E,LONG,,DEG,

3.00

-20,65

-44,31

-67,96

-91,62

-115,27

-13R,g3

-162,58 "

-233,54

-257,20

-280,85

-304,50

-328,16

-351,81

-375,47

EAST LONCITCDr,AS£. KCCF (TIME=O) : 4.00 DEG

TIWE, ST_TICN W!NUTE5 MINuTFS SINCE

WIN, I_ 51GNT LAST CONTACT

25.85 AL_5VA 7,11

12C,66 ALASKA _,32 87,70

24C,31 CA_NARVCN 7,56 116.33

271.75 SANTIAGO 6,60 23.89

2gC,CI RCSMAN 7,33 li.66

366,94 5A_TTAGC 5,q2 69.60

385,13 RCS_AN 4,q4 12.27

396,06 AL_5KA 4,gO 6.10

487,42 ALASFA 7,69 86.46

522,C4 TANANAPIVE 7,q8 26,93

581.00 ALA5_A 7.75 50.g8

677.99 ALA5KA 2,ql 89.24

998.86 SANTIAGO 8,08 317.96

I03C,73 CAPNARVCN 7.79 23.7g

1075.00 RC_WAN q,03 36.47

1222,g5 TA_ANAPIVE 5,05 139.92

1258,C3 ALASKA _,mO 30.03

1316,g8 TA_A_JAmlVE 6,13 5S,15

135C.q8 ALA5WA 7,_7 27.88

1445.15 ALASka 7.55 86.30

153g.78 AL_5_A 4,48 87.C8

LAST ASC,NnDE

E,LONG,,DEG,

4,00

-10,65

-43,31

-66,g6

-90,62

-I14,27

-137.93

-161,58

-232,54

.256,20

-27q,85

-303,50

-327,16

-350,81

.374,47
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TABLE D1. - S-BAND RANGE/RANGE-RATE TRACKING
COVERAGE PROFILES - Continued

EA5T LCN(IT_D_,_$C. NCCF (TIRE=h) = 5.00 DEG

TIWE, STATTCN . WTNUTF5 MINtjTFS SINCE LAST A_C,NODE

WIN, I r,_ 5IC'HT LAST CONTACT F,IONG,,DEG,

25,86 ALASKA _°21 5°00

12C,62 ALASKA 3,_7 R7,56 -18,65

24C,48 CA_NA_VCN 7,_7 116.29 -42o31

271,88 SANTIAGC A.26 24.04

29C,18 RC_AN ?,12 12.04 -65,96

336,32 CAPNARVCN 2°49 39.03

366,77 5ANTIAGC 5,29 27.96

384,R7 RCS_AN 5,37 11.81 -8q,62

396,25 ALASKA 4,71 6.01

487,51 ALASKA 7,62 86.55 -Ii_,27

522,14 TANANAPlVE 7,Q9 27,01

58C,99 ALASKA 7,81 50.96 -136,g3

677,72 ALASKA 3.43 8R.gl -160,58

ggSog2 SANTIAGC _,09 _]7,78 -231,5W

I03C,68 CAPNARVcN 7,9[ 23.66

1075,04 RC_MAN 7,q7 36.45 -255,20

1223,28 TA_A_IAPIVE 4,34 140.28 -278,85

1258,21 ALASKA 3,_4 30.60 -302,50

1316,80 TANANAPlVE 6,52 _5.24

1351,02 ALASKA 7,RI 27.70 -326,16

1445,16 ALASKA 7,62 86.33 -940°81

153_,76 ALASKA &,68 86.99 -37_,47

EAST LCN_ITUD_,ASC. NCC = (TI_E=O) : 6.00 DEG

TI_E, ST_TICN NTNUTES _1NkITF5 51NCE t A_T ASC,NODE

_IN, I_p SIGHT LAsT CONTACT E,LONG,,DEG,

25.86 AL^5_A 7,29 _,00

12C,59 ALASKA 3,_I 87._3 -17,65

24C,67 CA_NARVCN 7,14 116.27 -41,31

272,03 5Ah'TTA6C _,Q6 24.23

29C,35 RC_MAN 6,Rg 12.46 -6&,g6

335°77 CADNARUC _ 3,66 38.53

366,63 SANT?A_C 6,61 27,19

384,66 RC_MAN _,_2 11.42 -8_,62

396,44 ALASKA 4,52 5,97

_87,61 ALA5KA 7,55 86°65 -112,27
522,27 TANANAmIVE 7,76 27,10

580,99 ALASKA 7,87 50,96 -13R,93

677,48 ALASKA 3,87 88,62 -_5g,58

9gg,O0 5ANTIAGC R,08 317.65 -230,54

I03C,63 CA_NA_\/CN 7,_9 23,56

_075,08 RCSMAN 7,_8 36.45 .254,20

1172.10 RCS_AN 1,69 89.14 -277,85

[223,7_ TANAR'APIVE _,41 49.94

1258,45 ALASKA 2°80 31.31 -301,50

1316,65 TANANAPlVE 6°_5 55.40

L351,05 ALASKA 7,75 27.55 -325,16

_445,17 ALASKA 7,68 R_,37 -3_,81

1539,75 ALASKA 4,86 86.90 -372,&7
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TABLE D1. - S-BAND tL_NGE/RANGE-RATE TRACKING
COVERAGE PROFILES - Continued

EAST LCNGITUDF.ASC. NCCE (TIME=O) = 7.00 DEG

TI_E. 5T_TTCN _INLJTF5 NTNtITF5 SINCE LAST ASC.NODE

_IN. I_l SIGHT LAST CONTACT FeLONG.,DEG.

25,87 ALASKA 7,38 7,00

12C.56 ALASKA 4,03 87.31 -i_,65

24C,88 CA_NARVCN 6,R8 116.29 -40,31

272,22 SANTIAGO 5,40 24.46

29C,55 RCSMAN 6,62 12.93 -63,96

335,39 CARNARVCh _ 4,49 38,22

366,50 5ANTTA6C 6,89 26.62

384.47 RCS_AN 6,21 11.09 -87,62

396.64 ALASKA 4.32 5.g6

487,71 ALASKA 7.48 86.75 -111,27

522,41 TANANAPIVE 7,61 27.22

58C.gg ALASKA 7.g2 50.98 -134,93

677.27 ALASKA 4.25 88.36 -158,58

99£,08 5A_TIA_C R,04 317.56 -229,54

1030,61 CAPNARVCN R,05 23.48

I075,14 RC_AN 7,77 36.48 -253.20

1171,49 RC_AN _,02 88,58 -276,85

1224,43 TANANAPIVE I.,96 4g.92

1258,75 ALASKA 2,10 32,36 -300,50

1316,52 TANANADIVE 7,13 55,67

1351,Og ALASKA 7,68 27,43 -324,16

1445,|8 ALASKA 7074 86,42 --347081

153_,74 ALASKA 5,04 86.81 -371,57

EAST LCN61TUCF,A5¢. NCCF (TIME:O) : 8.00 DEG

TI_E, 5TATVCN MTNUTES MINIJTF5 51NCE LAST ASC,NODE

VI_, IP _I_HT LAST CONTACT E,L.ONG.,DEG,

25,88 ALASKA 7.46 B,O0

12C.54 ALASKA 4,24 87.20 -15,65

241.Ii CAPNARVCN 6,57 116,33 -3q,31

272,44 5ANTIAGC 4,R6 24,76

29C,77 RCS_AN 6,31 13,47 -62,96

335,10 CA#NARVCN _,14 38.01

366,38 SANTIAGO 7,13 26.15

384,32 RC_AN 6,54 10.81 -86,62

396,85 ALASKA &,11 5.98

487,B2 ALASKA 7,40 86.86 -110,27

522,57 TANANA#IVE 7,41 27,35

581,00 ALASKA 7,g6 51,01 -133,g3

677,09 ALASka _,Sg 88,13 -157,58

99g,18 5A_:TTAGC 7,g8 317.50 -228,54

103C,5g CARNARVCN 8,09 23.42

1075,21 RCS_AN 7,63 36,54 -252,20

1171,ii RCS_N 9,_8 88.27 -275,85

1316,42 TAhlA_'APIVE 7,37 141.43 -299,50

1351,12 ALASKA 7,60 27,33 -323,16

1445,1g ALA5MA 7,80 86,47 -346,81

1539,73 ALASKA _.22 86,74 -370,47
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TABLE DI. - S-BAND RANGE/RANGE-RATE TRACKING
COVEP_GE PROFILES - Continued

EAST LCKQIT_IBF,;SC. _CCF (TIdE:n) : 9.00 DEG

TI_E, STATTCN _IDJlTES PT_LJTE5 SINCE LAST ASC.NNDE

PlK. I_ 51_HT LAST (Ct_TACT _.tO_IG.,DEG.

25.89 ALASKA 7.53 q.O0

12C,52 ALASKA 4,45 87.10 -14,65

241.38 CA_NARVCN 6.22 116.4] -3_,31

272.72 SANTIA_C 4.19 25.13

291.01 RCS_AN R.q7 14.10 -61.96

334.87 CARNARVCN _.67 37.89

366.28 SA_TIA6C 7._4 25.75

384olg RCS_AN 6.83 10.56 -_5.62

397.C5 ALASKA 3._9 6.e3

487.g3 ALASKA 7.32 86.g_ -109.27

522.76 TAMANAPlVE 7.19 27.51

581.Cl ALASKA 7,g9 51.07 -132.93

618.76 TAKA_!APlVE 2.14 29.75

676.g3 ALASKA 4.qO 56.03 -]56.58

999.30 5ANTTA_C 7.qO 317.48 -227,54

103Co58 CAPNARVCN _.e9 23.38

1075.29 RCS_AN 7.47 36.62 -251,20

I17C.83 RC_AN 4.55 88.07 -274._5

1316,33 TANANAPIVE 7.57 140.96 -298.50

1351.16 ALASKA 7.52 27.26 -322.16

1445.21 ALASKA 7.R5 86.52 -34_.81

153_,72 ALASKA 5,3R 86,66 -36Q.47

EAST LCNCITUDF,AS(o KCCF (TIPE=O) = I0.00 DEG

TIVE, STATIcN _Tt_IJTFS MI_,L;TES SINCE IAST ASC.NC)DE

_IK. lh SI(_HT LAST CO_TACT F,IOHG,,DEG.

25.g0 ALASKA 7.61 i0.00

12C.51 ALASKA 4.64 87.00 -1_.&5

241.67 CAPNARVCN _.81 116.52 -37.31

273.10 SA_!TIAGC _.32 25.62

2gL.28 RC_AN 5._7 14.86 -60.96

334.68 CAR_ARVCN _.1l 37.S3

366.20 SANTTA_C 7.53 25.40

384.C8 _C5_h_ 7.C8 10.36 -84.62

397.27 ALASKA 3.66 6.10

488,C4 ALASKA 7.23 87.1l -I0_,27

522._6 TANANADIVE 6.Q2 27.hW

581.03 ALASKA Q.O_ 51.15 -131.93

618.12 TANA_APlVE 9.49 29.06

676.78 ALASKA 5.18 55.17 -155.58

99_,43 5A_TTACC 7.80 3]7.47 -22A,54

I03C.59 CAPNAR_ICN _.07 23.36

1075,38 _C_MAN 7.77 _6.7_ -250.20

1170.60 RC_AN _.Og 87.94 -27_.85

1316.26 TANA_APIVF 7,74 140.57 -297.50

1351.20 ALASWA 7.43 27.21 -321.16

1445.22 ALASKA 7.gO 86.59 -344.81

1539.71 ALASKA 5,_4 86.60 -36_.47
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TABLE D1. - S-BAND RANGE/RANGE-RATE TRACKING
COVERAGE PROFILES - Continued

EAST LCNCITLDF,AS(. _eCF (TIfF=n) = II.00 DEG

TIPE, _TATTC_ WTNI_TE5 mI_tJTF5 51NCF LAST ASC,N_DE

WIN, I_ _I6HT LAST CONTACT r,LONG,,DEG,

25,gi ALASKA 7.67 tl.O0

12C,49 ALASKA 4,93 86.91 -12,65

242,00 CA_NARVCN 5,32 116.68 -3_,31

273,69 5ANTIA_C 2,02 26.36

291.59 RC5_AN _,II 15.88 -59,96

334,53 CAPNA_/CN &,49 37.84

36e,12 5AbTf_6C 7,68 25.10

383,99 RCS_AN 7,B0 10.19 -83,62

397,49 ALASKA _,42 6.20

488,16 AL_SMA 7.|4 87.25 -107,27

523,19 TANA_!A_IVE 6,60 27.89

581o05 ALA5_A _,C5 51.26 -130,93

617,70 TANA_ADIVE 4,39 28.60

676.64 ALASKA _,43 54.55 -154,58

999,57 5ANTIAGC 7.67 _17.50 -725,54

I030.60 CAPNARVCN R.O2 23,36

1C75°49 _C_WAN 7.05 36.87 -249,20

1095,38 5A_TIAGC 2.79 12.84

_17C,41 RC_NaN _._6 72.24 -272,85

1316,20 TA_ANADIVE 7.87 140.23 -296,50

1351,25 ALASK_ 7.33 27.17 -_20,|6

1445°23 AL_5WA 7,_4 86._6 -34_,81

1539,71 ALASKA 5.70 86.54 -367147

EAST LCNEITtD_,aSC. hCCP (TIMF=n) = 12.00 DEG

TIWE, <T_TIC_! Yf;.l TF5 _INI:TF5 SINCE lAST A_C,N_DE

WIN. I__ _Ir_T LAsT (Oh_TACT _,LONG.,DEG,

25,92 ALm6FA 7,73 12,00

120.48 ALASKA q,Ol 86.83 -11,65

242,38 CADNA£VCN 4,75 116.89 -35,31

291,_3 RCSMAN 4._6 46.80 -58,96

334.41 CAPNA_VC_! 6,_2 37091

366,C6 5A_T[AGC 7._| 24.83

383,_2 _C_WAN v,49 10.05 -82,62

3g7,73 ALASKA 3,]6 6.32

488,28 ALASMA 7.04 87.40 -]06,27

523,_5 TA_ANAplVE 6.23 28.12

581,08 ALASKA 8._7 51,40 -129,93

617,39 TANA_'APlVE q.08 28.2_

676.52 ALASVA _.67 54.05 -153,58

999,73 5A_'TIA_C 7.52 317.5_ -224,5_

i03C,63 CAPNARVCN 7.94 23.39

1075.61 RCSM_N _.79 37.04 -24_,20

1094,_I 5A_TI_6C _,70 12.51

117C,25 _C_AN 5.96 71.55 -27]°85

1316,16 TANA_OIVE 7,g7 139.95 -295,50

1351,29 ALASKA 7,22 27.16 -310,16

1_45,25 ALASW_ 7098 8_.73 -3_7081

1539.71 ALASVA 5.85 86,4S ._6&,47



TABLE D1. - S-BAND RANGE/RANGE-RATE TRACKING
COVERAGE PROFILES - Continued

EAST LC_EITEDF.ASC. NCBF (TI_E=O) : 13.00 DE6

TIWE, STATICN WINIJTF5 MINtJTES SINCE LAST ASC.NODE

MIN. lh! SI6HT LAST CONTACT F.LONG..DEG.

25.93 ALASKA 7.79

• 12C.47 ALASKA 5.]8 86.75

242.83 CAPNARVCN 4.04 I17.18

292.34 RC_MAN 3.91 45.47

334.31 CA_N_RVCN 7.I0 38.06

366,01 5ANTIAGC 7.gi 24.60

383,87 RCSMAN 7,65 9.95

397.97 ALASKA 2.88 6.45

488.41 ALASKA 6.94 97.56

523.74 TANANARIVE 5.80 2fl.39

581.11 ALASKA Q.08 51.56

617.14 TANANARIVE 5.64 27.95

676.40 ALASKA 5,Q9 53.62

999,90 5ANTIA_C 7,34 317,61

103C,68 CARNARVCN 7,Q3 23.43
1075,75 RCSMAN 6.49 37.24

1094.57 5ANTIAGC 4.53 12.33

I17C.12 RCS_AN 6.31 71.02

1316,13 TANANARIVE Q.O4 139.70

1351.34 ALASKA 7.10 27.17

1445,26 ALASKA R,OI 86.82

1539,70 ALASKA 5.99 86.43

13,00

-I0,65

-34,31
-57,Q6

-81.62

-I05.27

-12R,93

-152.58

-22_.54

-2_7.20

-270.85

-294,50

-BIB,16

-_41.81

.365,47

EAST LCNCITUDF.ASC. KCCE (TIME=O) = 14.00 DE6

TI_E, STATICN MINL'TES MTNiJTFS SINCE

FIN. IN _I_HT t.AST CONTACT

L.AST ASC.NODE

F,LONG,,DEG,

25.94 ALASKA 7.B4

12C.46 ALASKA 5.35 86.68

243.40 CAPNARVCN _.II I17.5A

292,84 RC_PAN 3.06 46.33

334,23 CA_NARVON 7,34 38.33

365,96 5ANTTA6C 7,99 24.39

383,83 RCSMAN 7,78 9.87

398.23 ALASKA 2.57 6.62

488,54 ALASka 6.84 87.73

524,C8 TANANAPIVE 5.29 2R,71

581.14 ALASka _.09 51.78

616.94 TANANAQIVE 6.11 27.71

676,30 ALASKA 6.09 53.25

100C,09 SANTIA6C 7.13 317.70

103C,73 CARNARVCN 7,69 23.51

I075,91 RCSMAN 6.15 37.49

I094,31 5ANTIAGC 5,12 12.25

I170,00 RCSMAN 6.62 70.58

1316.12 TANANA_IVE R.08 139.50

1351,39 ALASKA 6.98 27.19

1445,28 ALASKA 8,C3 86.9]

1539,70 ALASKA 6.13 86.39

[4,00

-0.65

-3_,31

-5A,96

-80.62

.I04.27

-127.93

-I51.58

-222,54

-246,20

-269,85

-299,50

-_17,16

-340,_I

-364,47
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TABLE D1. - S-BAND I_kNGE/RANGE-RATE TRACKING
COVERAGE PROFILES - Continued

EAST LC_EIT_DF,,_SC. _CCF (TTpF=r)) = ]5,00 DEG

TitrE, ET/_TTC_' YTh_TFS MTht)TFS 5INCF LA%T A_C.NODE
FVlK, I_,T_]6NT LAST COkTACT F,IONG,_,DEG,

25,96 ALASWA 7,Q9

120,46 ALASVA 5,51 R6.61

244,25 CAQNeRVCN I,_2 118,28

293,57 RCS_AK 1,79 47.70

334,18 CA_ARVCK 7.54 38.83

365.93 5ANTTAKC _,r5 24.21

383.80 RC_N _.89 9.83

398,51 ALASKA 2.23 6.81

488,67 ALA5_A 6.73 87,g3

524,47 TA_IA_!APIVE 4,67 29.07

581,18 ALASWA Q.Oq 52.04

616,78 T_:A_AOlVE _.50 27.51

676,21 ALASKA 6,28 52.92

I000,31 5A_TTAGC 6.Rq 517.82

1030,80 CA_N_RVC _ 7,52 23°60

I076,09 RC<_AN 5.75 37.77

I094.09 5ANTIACC _,62 12.25

l16_,gl RCC_AK 6,Q9 7(_.19

1316,12 TA_A_A_IVE _,09 139.32

1351.45 ALASKA 6,_4 27.24

1445,30 ALASWA R.m6 87,CI

153_.70 ALASKA 6,26 86,35

15,00

-R,65

-32,31

-55.96

-79,62

-103,27

-126,93

-150,58

-221,5_

-24_,20

-268,85

-292.50

-31A,]6

-_30081

-86_e47

EAST LCKCITLDE,^5 C. KCCF (TIfF=h) = 16.00 DEG

TINE, 5TATIC_ NI_[_IF5 _T_ETF5 SINCE

_IK, I_ 51CHT LAsT 6C_TACT

25,g7 ALASKA 7,G3

120,45 ALaSkA _,67 86.55

334,14 CARN_RVCK 7,70 208.02

365,90 5ANTIAGC R._R 24,C6

383,7q _C_Y^_ 7,q7 9.81

398,81 ALASWA 1,84 7.05

488,81 AL_5_A _,61 88,16

524.94 TANA_IAPIVE 3,gO 29.52

581,23 ALASWA _.e9 52.38

616,65 TANAKIADIVE 6,84 27.34

676,12 ALASWA 6,45 52.63

I00C,54 5AhTIAGC _,62 317.96

1030,89 CAPN^RVCN 7.32 23,73

1076,31 Rc_AN 5,28 38.]I

1093,92 5A_TIAGC _,04 12,33

i127,71 CAPN_C _ 2,74 27.75

I16g,82 PCC_AN 7,]3 39,37

1316,13 TA_IASAPIVE _.07 139.18

1351,51 ALASKA 6,70 27.30

1445,32 ALASWA _,07 87.11

153g,70 ALASKA 6._9 86,31

I.A<T A%C,NODE

F.LONG.,DEG,

16.00

-7,65

-54,96

-7_,62

-102,27

.]25,93

-14_.58
-220,54

.244e20

-267,85

.291,50

-31_016

-36_,47
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TABLE DI. - S-BAND RANGE/RANGE-IRATE TRACKING
COVERAGE PROFILES -Continued

EAST LCNEITCDF,_SC. _CCF CTTME=O) = 17.00 DE6

TIME, 5TATTCN WINL;TE5 MINtJTES SINCE

_Ik. IF, SICHT LAST CONTACT

LAST A&C.NnDE

F.LONG.,DE6.

25.g9 ALASKA 7.g7

120.45 ALASka 5.82 86.49

334.13 (A_NARVCN 7.84 207.86

365,89 5ANTIA6C B.C 9 23.92

383,79 RCSMA_ 8.e3 9.81

398,16 ALASWA I._4 7.34

488,95 ALASKA 6.49 88.44

525,55 TANANADIVE 2,85 30.12

581,27 AL_5WA _.08 52.87

616,55 TANANA_IVE 7.13 27,20

676,04 ALASKA 6,61 52.37

[00C,79 SANIIA_C 6,31 3]8.13

I03C,gg CA_NARVCN 7,C7 23.89

1076.57 RCSMAN 4.73 38.51

I093,78 SANTIAGC 6,40 12.48

I127,20 CAWNARVCN _,80 27.02

I16g,75 RCSMAN 7,33 38.75

1316,16 TANANA_IVE 8.C2 [3g.07

1351,57 ALaSkA 6,54 27.39

1445,33 ALASKA 8,08 87.23

153g,70 ALASka 6,52 86.29

17,00

-6,65

-53,96

-77.62

-I01.27

-]24.g3

-148,58

-219,54

-243,20

-266,85

-290,50

-314,1b

-_37.81

-361,47

EAST LCNEITtDF.AS¢. RCCF (TI_E=_) : 18.00 DEG

TIME, _TAIICN MINUTES MINUTFS SINCE

MI_. I_' 51_T LAST CONTACT

26.00 ALASka 8.00

12C.45 ALASKA 5.g7 86.44

334.13 (ARNARVC N 7.g4 207.72

365,88 SANTTAGC _.C8 23.81

383.81 RC_AN _,07 9.85

48g,09 ALASKA 6,_7 97.21

581.33 ALaSka 8.07 85.87

616,47 TANA_IARIVE 7.37 27.08

675,97 ALASka 6.76 52.13

I001,C7 SA_TIAGC 5,g5 318.33

1031.11 CAPNARVCN 6,78 24.09

I076,88 RC5_AN 4.05 38.99

I093,66 5ANTIAGC &,72 12.72

1126,84 CA_N_RVCN 4.57 26.46

I169,6g RCSMAE 7.51 38.28

1316.20 TANANARIVE 7.q4 139.00

1351.63 ALASka 6.37 27.49

1445,35 ALASka P,O9 87.35

1539,71 ALASka 6,64 86.26

tAST ASC.NODE

F.LONG.,DEG.

IR.00

-5,65

-52,g6

-76,62

-i00,27

-12_,93

.147,58

-21_,54

-242,20

-765,85

-280.50
-_13,16

.33_.81

-360,47
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TABLE D1. - S-BAND RANGE/RANGE-RATE TRACKING
COVERAGE PROFILES -Continued

EAST LCNCITLDF,ASC. NCCF (TI_E=O) = 19.00 DEG

TI_E, ST_T!C_! _INt!TE5 MINUTES SINCE LAST A_C.NODE

_Ik, I_ _ _IGHT LAST CONTACT _.LO_!G,,DEG,

26,C2 ALASka R,03 19,00

12C,44 ALASKA &,ll 86,40 -4,65

334,14 CA_NARVCN RoC2 207,59 -51,96

365,88 5ANTTAGC R,C4 23,72

383,84 RC_AN _,_9 9,91 -75,62

489,24 ALASKA 6,24 97.31 -90,?7

581,38 ALASKA 8.C5 85o91 -122.93

616,42 TA_A_A_IVE 7,57 26,98

675,qi ALA5KA 6,qO 5].92 -146,58

1001,37 5ANTVAGC 5,_4 318.56 -217.54

1031,25 CA_NARVCN 6,44 24.34

I077,30 RC_AN 3,18 39.60 -241,20

Ic93,57 5AS_Tt_GC 6,q9 13,10

I126.55 CA_NA_VCN 5,19 26.00

I16S,64 RCCMAN 7,66 37,91 -26a,85

1316,25 TANA_APIVF 7,R3 138.95 -28R,50

1351,70 ALA5VA 6,19 27._2 -312,16

1445,3R AL_SVA P.C9 87,48 -335,RI

1536,71 ALASKA 6,75 86,24 -_5g,47

EAST LCNCIILCF,ASC, NCCF (lINE:h) = ?0.00 DEG

TIWE, 5TATICN WINt;TF5 _INLJTF5 51NCE I_A_T ASC,NODE

WIN, I_ FI6HT t.AST CONTACT F,LONG,,DEG,

26,C4 ALASka P,C5 20,00

12C,44 ALA5VA 6,24 86,36 -_,65

334,17 CAPNA_VCN _._7 207.49 -50,96

365,90 5A_'TIAGC 7,g8 23,66

383,88 RC_9^N R.C9 I0.00 -74,62

489,39 ALASWA 6,10 97.42 -98,27

581,44 ALASMA R,O3 85.95 -121,93

616,38 TA_'AS_APIVE 7,74 26,91

675,85 ALASVA 7,03 51.74 -145,58

1001,72 5A_TTA_C 5,C6 318,83 -216,54

1031,43 CADN^R\ICN 6,Q5 24.64

1077,94 RC_MAN I,_2 40,47 -240,20

1093,49 5AS'TTA6C 7,22 19,73

1126,31 CAPNA_VCN 5,70 25.60

1169,60 _C_MAN 7,_9 37.60 -263,85

1316,32 TA_'A_'APIVE 7,69 138.92 -287,50

1351,78 ALASKA 6,00 27°77 -311,]6

1445,40 ALA5VA P,O9 87.62 .334,BI

153_,7] AL65KA 6._6 86,23 .358,47
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TABLE D1. - S-BAND RANGE/RANGE-RATE TRACKING
COVERAGE PROFILES - Continued

EAST LCNEIILDF,^5C. NCC_ (TIME:O) : 21,00 DEG

TIME, ST_TICN MINUTES MINUTES SINCE LAST ASCeNODE

MIN, IN SIGHT LAST CONTACT FeLONG,,DEG.

26.05 ALASKA 8,07 21,00

12C.44 ALASKA 6.37 86.32 -2.65

334.22 CA_NA_VCN 8.09 207.41 -49,96

365.92 SANTIA6C 7,gO 23.61

383.g3 RCSMAN 8.06 10.12 -73,62

489,54 ALASKA 5,q6 97.55 "97e27

581.51 ALASKA 8.00 86.00 -120,g3

616.36 TANANAPIVE 7.87 26.85

675.80 ALASKA 7.16 51.58 -164.58

I002,11 SANTTAGC 4.50 310.15 -215,54

1031,63 CA_NARVCN 5,58 25.02

1093,44 SANT?A6C 7.43 56.23 .23g,20

1126.11 CAPNARVCN 6,13 25,25
1169,58 RCSMAN 7,gO 37.33 -267.85

1316,41 TANANAPIVE 7.51 138,93 -286.50

1351,86 ALASKA 5,78 27,94 -310.16

1445,42 ALASka Q,08 87.78 -333.81

153_,72 ALASKA 6.97 86.22 -357.47

EAST LCNEIIUDF,ASC, NCCF (TIME:O) : 22.00 DEG

TIWE_ 5TAIICN MINUTES MINUTES SINCE LAST ASE,NODE

WIN, I_ SIGHT LAST CONTACT E,LONG,,DEG,

26,07 ALASka R,08 22,00

12C,44 ALASka 6.49 86,29 -I,65

215.76 ALASka 1,31 88.82 -25.31
334.28 CARNARVCN R,09 117.22 -68,96

365,g5 SANTIA6C 7.79 23.58

384,00 RC_MAN R,02 10.26 -72.62

463,54 SANTTAGC 1,71 71,52

489,70 ALASKA _.82 24,45 -96.27

581.57 ALASka 7,g6 86,05 -llq,g3

616.36 TAN_NAPIVE 7,q7 26.82

675,76 ALASKA 7,27 51,43 -!43,58

1002.57 SANTIAGC 3,QI 319.54 -214,54

1031,98 CAPN_RVCN _,02 25.50

1093,40 5ANTIAGC 7.60 56,50 -238,20

1125,94 CA_NARVCN 6,50 24,94

I16g,56 RCS_aN 7,q8 37.11 -261.85
1316.51 TANANAPlVE 7,29 138.97 -28_,50

1351,95 ALASKA 5,56 28,14 -30q,16

1445,44 ALASKA _,06 87,94 .332,81

1539,72 ALASKA 7,07 86.22 -35&.47
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TABLE DI. - S-BAND RANGE/RANGE-RATE TRACKING
COVERAGE PROFILES - Concluded

EAST LCNEITLDP,ASC. NCDF (TI_E=O) = 23.00 DEG

TINE, STATICN WINI;TF5 MINtITFS SINCE LAST ASC,NODE

_IN, In! SIGHT LAST (GNTACT F,LONG.,DEG,

26,09 ALmSVA m,C9

12C,45 ALASKa 6.61 86.27

215.60 ALASKa I,_I 88.54

334,36 CAPNARVC _' R.C6 116.94

365,99 5ANTIACC 7,65 23°58

384,08 RC_NAN 7,g5 10,43

462,39 5ANTIACC 3,C7 70.86

489,87 ALASka 5,67 23.91

581,65 ALASKa 7,q3 86,11

616,37 TANAFAPIVE _,e4 26.80

675,72 ALASKA 7,37 51.31

1003,13 5ANTIA6C 2,gl 320,04

1032.18 CAoNA_VCN 4,_4 26.14

IC_3.38 5ANTIA6C 7,74 56,86

1125,79 CA_NA_VCN 6.S2 24°67

1169,55 RC<NAN 8,04 36,93

I316,63 TANA_'ADIVE 7,C3 13g,05

1352.C4 ALASKA q.31 28.38

1413,12 TANA_'ADIVE 2,38 55°77

1445,47 ALASKA q,04 29,47

153_,73 ALASka 7,16 86,22

2_,00

-,65

-24,31

-47,96

-71,62

-95,27

-IlR,93

-142,58

-21_,54

-237,20

-260,R5

-284,50

-308.16

-331,RI

-_55,47
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PULSE CODE MODULATION TELEMETRY STANDARD
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APPENDIX E
PULSE CODEMODULATION TELEMETRY STANDARD

The material in this appendixwas obtainedfrom the Aerospace Data Systems
Standards (ref. 5) andis included here as a reference for assuring compata-
bility with STADAN PCM systems.

I r
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PULSE CODEMODULATION TELEMETRY STANDARD

January 27, 1966

i. 0 PURPOSE

The primary purpose of these standards is to require the use of tech-
niques that will enable reliable acquisition and reduction of data from space-

craft employing PCM telemeters. The standards are intended to reflect cur-
rent state of the art and will be revised as new developments dictate.

2.0 SCOPE

This document applies to all spacecraft using PCM telemetry systems
that are under the management of the Goddard Space Flight Center and]or
using the GSFC Space Tracking and Data Acquisition Network and]or the
GSFC Data Processing System. If an exception to this Standard is desired, it
must be approved by the GSFC Data Systems Requirements Committee. a

3.0 STANDARDS

Since practical considerations often dictate a departure from optimum
techniques, some categories will have two approaches; a "PREFERRED"
classification which will yield near optimum results and an "ALTERNATE"
classification which can be used to provide acceptable results when other
considerations influence the design.

3. 1 Code Format

A serial binary code shall be used. The following types of coding
are acceptable.

NRZ Type C
NRZ Type M
Split Phase

Waveform symmetry shall be maintained within 2 percent of the
nominal bit period as measured at the telemetry receiver output.

3.2 Bit Rate

3.2.1 Range--The permissible range of data rates is from 1 bit]
sec to 200 000 bits]sec.

aAddress: The Director, Goddard Space Flight Center, Greenbelt, Maryland
Attention: Chairman, GSFC Data Systems Requirements Committee,
Code 520
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3.2.2 Stability

NOTE:

Long Term (one year)--less than +5_ of bit rate.
Short Term (5 minutes)--less than +1/2_ of bit rate.
Instantaneous (e. g., flutter of spacecraft tape recorder)--

less than 3_ of bit rate (peak-to-peak) measured in a

bandwidth wide enough to include all significant com-
ponents, (nominally 600 Hz).

Compatibility must exist between these requirements
and those listed in section 3.4.1

3.2.3 Changes in bit rates during real time transmission are per-
missible only by command from a ground station. Identification of the bit
rate in use must be included as part of the telemetered data.

3.3 Format

3.3. I Minor Frame Length-- The minor frame length shall not
exceed 8192 bits and shall be of constant length for any one mission.

3.3.2 Major Frame Length--The major frame shall not consist of
more than 256 minor frames.

3.3.3 Word Structure

3.3.3.1 Word synchronization may consist of 0, 1, 2, or
3 bits per word and shall be the first bit or bits within the word when used.

3.3.3.2 Data words may be composed of any number of
syllables; however, the structure of any particular word shall remain constant.
In those cases where the syllable represents a single measurand, the most
significant bit shall occur first.

3.3.3.3 Parity shall be optional. If used, it shall be the

last bit in a syllable or a word. Error correction and other redundant coding
techniques may be used to enhance detection efficiency.

3.3.3.4 Reversal in the sequence of transmission is per-
missible if a spacecraft tape recorder is readout during rewind.

3.3.4 Word Length--The word length shall not exceed 32 bits and
all words shall be of constant length for any particular mission. This does
not preclude different word structures as defined in section 3.3.3.

3.3.5 Supermultiplexing and Submultiplexing--Data multiplexing at
sampling rates which are multiples or submultiples of the minor frame rate is
permissible. Where two or more submultiplexers are used, they must be syn-
chronized together and have either an equal number of channels or binary
multiples in order to use a common synchronization word. The submultiplexer

cycle shallbe complete within 256 minor frames as specified in section 3.3.2.
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3.3.6 Variable Formats--Variations in data channel assignments

are permissible, however, when variable formats are used each frame must
contain positive identification of the format. The frame and word length must
remain constant as well as the synchronization pattern except as allowed by
section 3.4.3.2.

3.4 Synchronization

3.4.1 Bit Synchronization--Bit synchronization is the first step in
acquiring system synchronization and sufficient changes of state must be pro-
vided for rapid, reliable synchronization. All operating conditions shall be
considered, such as primary power being turned off to many of the experi-
ments which could result in data without transitions. Where similar conditions
could exist, techniques such as restricting the dynamic range of the data, odd

parity or word synchronization should be used to ensure bit transition. The
maximum number of data bits between transitions must not exceed 64.

NOTE: Compatibility must exist between these requirements
and those in section 3.2.2. Each spacecraft/ground

system must take into account worst case combina-
tions of bit rate stability and bit transition density.

3.4.2 Frame Synchronization

3.4.2.1 The "PREFERRED" method of frame synchroniza-
tion is to use a pseudo-random code pattern of appropriate length that is re-
peated every frame. With this technique, it is not necessary to devote one or
more bits in each word to synchronization purposes. A comprehensive study
of code patterns has been completed and Table EI-I in Appendix El contains
codes which are recommended for use. In selecting the pattern length, the
telemetry design engineer should carefully consider the probability of the
pattern being generated in the data.

3.4.2.2 An "ALTERNATE" method of synchronization is to
use one or more bits at the start of each word to establish bit phasing and one
word per frame with a unique code that cannot occur in the data.

3.4.3 Submultiplexer Synchronization

3.4.3.1 A syllable in each minor frame shall be used to
identify the subchannel number for that frame (e. g., 7 bits for 128 channel
submultiplexer). This syllable must occur prior to the first submultiplexed
channel.

3.4.3.2 As an "ALTERNATE, " the main frame sync pattern
may be complemented once per longest submultiplexer frame. The two
methods may be used together if desired and the complement of the frame
pattern may be used to prevent the ground station from remaining locked to
a false frame sync pattern.

3.5 System Design--Shall be governed by this Standard, the RF and
Modulation Standards, current ground station equipment capability and space-
craft requirements.
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APPENDIX E1
PCM FRAME SYNCHRONIZATIONCODES

The codes listed in Table El-1 have beendetermined as optimum frame
synchronization codes for general use in PCM telemetry.

The technique used in the determination of these codes was essentially that
of examining all 2n binary patterns of a given length, n, for that pattern
with the smallest total probability of false sync recognition over the entire
overlap portion of the ground station frame synchronization process.

A more detailed account of this investigation will be found in the Proceedings
of the National Telemetering Conference, June 1964: "Development of
Optimum Frame Synchronization Codesfor Goddard SpaceFlight Center PCM
Telemetry Standards," by Jesse L. Maury, Jr. and Frederick J. Styles.
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TABLE EI-I. - PCM FRAME SYNCHRONIZATIONCODES

CODELENGTH

7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
3O

i01

i01

i01

ii0

i01

ii0

iii

iii

iii

iii

iii

iii

iii

iii

iii

111

111

iii

iii

iii

iii

111

iii

iii

i00

ii0

Ii0

iii

i01

i01

010

001

011

010

i00

i00

II0

011

011

i00

101

110

i00

110

110

i01

i01

ii0

0

O0

000

000

Ii0

i00

ii0

I01

001

iii

ii0

ii0

011

011

i01

ii0

011

I01

010

I00

101

011

011

i01

0

O0

000

000

000

010

001

i01

101

001

110

001

110

tO0

111

110

ii0

i01

110

ii0

iii

0

O0

000

000

000

000

010

001

011

101

110

011

111

101

001

010

011

O01

0

O0

000

000

000

000

000

i00

100

000

i00

100

ii0

001

i00

0

O0

000

000

000

i00

I00

010

ii0

011

i01

ii0

0

O0

000

000

000

000

000

000

i00

0

O0

000

000

000

000

0

O0

000
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APPENDIX F
POSTINJECTION TELEMETRY COVERAGE SEQUENCE
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APPENDIX F
POSTINJECTION TELEMETRY COVERAGESEQUENCE

This appendix contains vhf telemetry coverage for the first 10 000 minutes
of orbital lifetime. The S-bandtelemetry coverage for this same period of
time can be found in Appendix C where the S-bandtracking coverage is pre-
sented. The telemetry coverage is identical to the tracking coverage in this
case. Table F1 presents the VHF telemetry coverage for 10 stations while
Table F2 presents the same for only the College and Rosman stations. The
College and Rosman contacts were tabulated separately to show more clearly
the contact times whenthe microwave links between these stations and GSFC
could possibly be utilized.
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TABLE FI. - POST-INJECTION VHF TELEMETRY COVERAGE
SEQUENCE

PCST-INJFCTICN vFF IFLEMETRY COVFRAGE 5EQ_FNCE

NCPTH LAT, EAST LONG, MIN ELEV,

DFG mEG DEG

STATICN I CCLLE_E 64.90 212,10 5,00

5TATICN 2 FT. MYE_5 26.50 27_,I0 5,00

5TATICN 3 JCHANNES_LR_ -25.90 27,70 ' 5,00

5TATICN 4 LI_A -11.80 282,80 5,00

5TATICN 5 CPRCRAL -35.60 14R,90 5,00

5TATICN 6 CI!ITC -.60 281,40 5,00

5TATICN 7 RCS_'AN 35.20 277.I0 5,00

5TATICN 8 ST. JOHn'S 47.70 _07,30 5,00

5TATICN g 5ANTIAGC -3B.20 28g,30 5.00

5TATICN i0 WINKFIELC 51.50 _5o.30 5,00

CRSIT ALT= _Or,O KW,

CRSIT INCL= q7,38 tEG,

LALNCF-TC-INJFCTICN AB_CLE= 20,00 mEG,

CRSIT PERICt= 94°62 WI_tJTF5

EARTF RADILS= 33,0 PEPCFNT CVEP ACTUAl (REFRACTION COPRECTION)

MINIWLV TIWE= .Oe _IN

_ESTBARC 5FIFT CF A_C, _'GDE= 23,65 DEG./ORBIT

LACNCF LCNEIT!!_E= -120,63 DEG. EAST

L_LK(F LATITb_F= 34,7A DE6, NORTH

LABNCF VELC(ITY FA5 5CLTHFRLy CO_PGNENT

LALN(F TC I_JECTICN TIFF= IC,O0 PIN.

TCTAL TIPE= ]OnO0.OC WIN,

5TATICN WAX. ARC PAYEE VISIBLE(_EG) MAX, DIST,KM,

I IQ,71 2B2g,1

2 1g,71 2B29,]

3 Ig,71 232Q,I

4 19,71 2329,1

5 19,71 2329,1

6 19,71 232a,I

7 19,71 2_2Q,!

1q,71 2B2Q,I

10,71 2_2q,I

IC Ig,71 2_2_,I
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TABLE F1. - POST-INJECTION VHFTELEMETRY COVERAGE

SEQUENCE- Continued

PCST INJECTION CCVEPAGE 5EGLENCE (INJFCTION TIFF= I0,00 MIN, AFTER LAUNLH)

TIRE, STATION WINt;TE5 MINIJTES SINCE LAST ASC,NODE REV,

FIN, lr SIGHT LAST CONTACT F,LONG,,DEG, NO,

46,42 JCFAKKES_P6 6,21 6_,73 I

69,19 hlNKFIFL_ 6,40 16,56 40,08 I

81,g5 CCLIEGF q,74 6,36 40,08 I

13g,60 JC_ANNFSQUP6 g,99 47.91 40,08 2

16C,03 _I_'K_IFtt 1C,28 10.44 16,42 2

176,CI CCLLFqF IC,26 5,70 16,42 2

255,04 _INKFIFL_ P,_I 68.78 -7,23 3

27C,17 CCLLEgF P.69 6,81 -7,23 3

298o42 O_PCPAI 10,22 19,56 -7,23 4

348,84 ST, .JO_N_ 9,77 40,20 -30e_8 4

364,05 CCLL_GF 6,03 5.43 -30°88 4

393,Tg CE#CPAI. 6°41 23,71 -3_°88 5

424°72 SANTIAGO ],41 24.52 -30,88 5

441,76 FT, "YFR_ _.26 15,63 -54,54 5

442,70 RC_AN 6,07 .00 -54,54 5

442e7g ST° JONN_ 9o_1 .CO -54,54 5

456°72 CCLLFGF 4,65 4,62 -54,5W 5

515°88 SANTTA6C I0,_6 54.51 .54,54 6

521,g0 LIUA I0,_5 ,00 -54,54 6

581,48 FT, uY_R_ 10,33 ,00 -7R,]9 6

533,79 RCS_AN 10°29 ,00 -7R,19 6

547,63 CCLLEGF 6,65 3,54 -7P,]9 6

614°2g SANTIAGO 2,_g 60.00 -78,]9 7

638°71 CCLLrGF g,18 22,_4 -I01."5 7

731,25 CCLLFGE 10,36 83.35 -]2_,50 8

76g.62 JCN_)NFSmtjP6 q°45 28.02 -12_,50 9

825,85 CCLL_GF 9,25 46,77 -14Q,16 9

863°60 JC_A_NFSBt;R6 _,_6 28,50 -140,16 10

g23,go CCLLrGF _,20 52,24 -172,_I 10

936°97 _I_KFIFLD O°q8 9.R6 -172,_1 10

990,52 ORRCeAt 4,CO 43.57 -172,RI 11

I031,3g WlNKgIEL_ q,33 36,88 163,54 Ii

I082,g5 CRPCPAI 10,35 42,23 163,54 12

1127,42 5I° JO_JMS _°4g 34,13 13g,88 12

115C°46 5ANTTARC 9,20 13.55 130,88 13

1181,37 C_CDA[ 1,g6 21.72 13_,£8 13

1221,66 ST, JO_5 qo_2 38.33 116,23 13

1225,g6 RCSMaN R,26 .00 116,23 13

1228,10 FT, _YFR_ g°g5 .00 II6,23 13

1234°7g CLfTC 10°27 ,00 ]16,23 14

1237,67 LI_A I0,_5 ,00 116,23 14

1243,64 SANTYAGC q°g8 .00 ] 16°23 14

131g°6g RC_AN g,71 67,07 g2°57 14

1322°35 FT° uYER_ g,_4 ,00 g2,57 14

1408094 CCLL_GF _,05 77,74 6soq2 15

14gC,17 WI_'KFIFL_ 4,13 78,19 4S°26 16

1501,3g CCLLFGF q,24 7,10 45,26 16

1558,68 JC_ANNESPUP6 I0.16 48.05 4_°26 17
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TABLE FI. - POST-INJECTION VHF TELEMETRY COVERAGE
SEQUENCE - Continued

TIME, ST_TTCN MTrjL;TFS MTNUTF5 SINCE I ART A_C.NC)DE REV.

WIN, Ir'T51C_HT LAST CONTACT F,LOr"G.,REG, (_.0,

157g,T5 WI_KmlFL r _.g5 10,71 21,61 17

1595,37 CCtLPGE 10,35 5.67 21.61 17

1673,82 mI_!KFIFLD g,34 68.09 -2,04 18

1689,54 CCLLFGF q.17 6.38 -2,04 18

1718,41 C_PCPA[ q.65 19.70 -2,04 19

I763,85 ST, JO_N_ g.01 40.80 -2_,70 19

1783,52 CCI. LFGF 6.62 5.66 -2_,70 19

1812,15 ORPCPnl. _,_0 22.00 -2_,70 20

1861,80 5T, JCFN5 g,g9 41.15 -4_,35 20

1876,59 CCLLFCE 4,64 4.79 -4_,35 20

1935,15 5A_TIA_C lb.16 53.92 -4Q.35 21

1941,46 LIrA m._6 .00 -49.35 21

1943._3 _LITn q.g5 .00 -7_.01 21

195C,g8 FT, _'YFR_ 10.25 ,00 -73,01 21

1953,24 RC_AN IQ._2 .00 -7_.01 21

1967,76 CCL.L_6F _.06 4.20 -73.0I 21

2031,46 5A_TIAGC 6.AO 57.65 -71,01 22

2037,70 LIMb _.69 .on -73,01 22

2048,03 FT, _YFR_ 4.!4 4._)4 --96,66 22

205C,C7 RCS_A_ _,02 .00 -96,66 22

2058,65 CCtLFCF 8.71 3.56 -96,6b 22

215C,81 CCLL_CF 10,26 83.45 -120,32 23

2190,08 JCN_NNFS_bD6 _,00 2g,O0 -]20,32 24

2244,g0 CCLLFGF g.75 46,82 -IG_,O7 24

2282,33 JCHA^!NFSPCP6 g,52 27.6R -|43,g7 25

2341,80 CCLL_6r 5,47 G9.95 -167,62 25

2356,4g _I_!KFIFLt g.35 g.12 -16V,62 25

2450,57 WINKPlFLP q.q3 84.73 16R.72 26

25C2,1@ C_CPA[ 10.24 41.6S 16R,72 27

2546,73 wI_IK_IFLt 3.Q8 34.31 ]4_,07 27

2547,10 ST, JCNN5 R.45 .00 14m.07 27

2571,00 5ANTI_G c v.73 15.45 ]45,07 28

2598,57 CRDCDAI A,47 ig.84 145,07 28

264C,_3 5T, .JC_ 10,14 35.80 121,&l 28

2646,27 RCSMAN _,88 .00 121,&l 28

2648,34 FT. _'YFR9 6,77 .00 12|,41 28

2654,61 CLITC q,54 .00 ]21,&1 29

2657,2g LI_A iq.14 .00 121,&i 29

2662,65 5ANTTAGC g.q4 .00 121,41 29

2737,27 5_, JC_N_ 3,Q6 64.69 9v,76 29

2738,@2 RC_MAN LO,P5 .00 97.76 29

2741,25 FT, MYFR_ q,qo .00 97.76 29

2749,89 CLITC 6.53 ,00 97.76 30

2754,34 LIMb _,42 .00 97,76 30

292C,88 CCLLPGF _,_6 ]63.12 50,45 31

2977,99 JCNA_INF_muPC 10,1.7 48°55 50,45 32

2999,65 _I_K_IFLt q,_7 11o50 26,80 32

3Q14,74 CCLL_OF 10,34 5.72 26,_0 32
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TABLE F1. - POST-INJECTION VHF TELEMETRY COVERAGE
SEQUENCE - Continued

PeST INJECTICb _ CCVERA_E SEQUENCE (INJFCTION TIME= 10.00 MIN. AFTER LAUNCH)

TIME. _TATICN MINUTES MINUTES SINCE fAST ASC.NODE REV.

MI_. I_! _I6HT LAST CONTACT E.LONG.,DEG. NO.

3074.79 JCHANNFSBURE 5.43 49.71 26.80 33

3092.84 WINKFIEL_ q._7 12.63 3o14 33

3108.89 CCLLF_E 9.58 6.09 3.14 33
3138.72 OR_CDAL B.56 20.24 30]4 34

3189.12 ST. JOHNS 7._6 41.84 -20.51 34

3202096 CCLLEGE 7.24 5.98 -20.51 34

3231.03 ORRCQAL q,66 20.84 -20,51 35

3281.05 ST. JOHNS _0.32 40.35 -44.17 35

3296034 CCLLEGF 4,84 4,97 -44,17 35

3354,62 5ANTIAGC q,44 53.43 -44,17 36

3361,41 LIMA 8o57 .00 -44,17 36
3363,97 QLTTO 8.75 o00 -67.82 36

3370,81 FT, MYFR$ g,61 .00 -67,82 36

3372,96 RC_MAN Q,qO ,00 -67,82 36

3378,32 ST. JOHNS 4064 .00 -67.82 36

3387,88 CCLLEGF 5._I 4.92 -67,82 36

3449086 5ANTTA_C 8,58 56.47 -67,82 37
3455073 LIPA 8043 .00 -67,82 37

3465,64 FT, MYFR_ 7,70 1.48 -91o47 37

3467,92 RC_AN 7.82 .00 -91.47 37

3478.65 CCLLEGF q.17 2.91 -91.47 37

357C,46 CCLLEGF I0.07 83,64 -115.13 38

3611.25 JCHANNESBURG _.29 30.72 -I15.13 39

3664,08 CCLLEGE 10.08 47,54 -138,78 39

3701.48 JCHANNFS_URE 10.22 27.31 -138.78 40

376C.19 CCLLEGE 7.04 48.49 -162.44 40

3776.14 WINKFIELD 8,33 8,90 -162,44 40

386_.82 hlh!KFIEL_ IC.27 85.35 173.gi 41

3921.58 OR_CRAt q.65 41.49 ]73.91 42

3965.22 hINKFIFLD 6.27 33.99 150.25 42

3967.03 ST. JO_N_ 6.76 .00 150.25 42

3992.20 SA_TIA_C 5.11 18.41 150.25 43

4016,96 CRPCP_| Q.44 19.66 150,25 43
4060.10 ST. JOHNS I0._5 34.69 126.60 43

4074.90 CLITO 7.00 4.44 126,60 44

4077,30 LI_A q.24 o00 126,60 44

4081.99 SANTIAGC 10.34 .00 126.60 44

4155.61 ST, JOHN5 6.51 63.28 I02,q5 44
4158,11 RCSMAN I_._4 .00 102o95 44

416C,41 FT. MYERS I0o_4 .00 102,95 44

4168,15 QLIT_ Q._8 .00 I02,95 45

4171.68 LI_A 7.56 .00 I02.95 45

4254,49 RCSMAN _014 75025 79,29 45

4340.43 CCLLEGE 7,64 80.80 55.64 46
4397,54 JCHA_!NFS_URG Q.37 49.46 55.64 47

4419.76 _IRKFIFL_ R.51 12.85 31,q8 47

4434.12 CCLLEGF I_.21 5.85 31.98 47

4492.83 JCHANNF5_URE _.11 48.50 31098 48
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TABLE FI. - POST-INJECTION VHF TELEMETRY COVERTiGE
SEQUENCE - Continued

PCST INJECIIC _' CCVEPAGE 5FCQI F_cF (I_,,JFCTIC)N TIFF= I0.00 _I_!. AFTER LAUNCH)

TIYE, mTATICN NIt iLTES MINI_TE5 SINCE LAqT AqC.NrDE REV.

WIN. i _'' _I_HT LAST (ONTACT F.IO_IG.,,DEG. kO.

4512.08 _I_KFIFLD IQ.P9 11.14 p.33 48

452_.25 CCLLF6F Q.G2 5.88 _.33 48

455q.50 C_CPA[ _.73 21.33 R°33 49

4608.qq _I_KCIFL_ _°38 42.77 -i_.33 49

4609.74 ST. JC_K _ 6.!5 .00 -i_._3 49

4622,37 CCLL_6F 7.R3 6.48 -1_,33 49

465C.27 C_mCP_l 10.24 20.07 -15.33 50

470C,51 ST. ,JC_N5 1t._3 40.00 -38,q8 50

4715,99 CC[L=GF _.22 5.15 -32,98 50

4774.96 5_TIAGC _.01 53.15 -32,_8 51

4782,01 LIUA _.q2 .00 -3_,98 51

4784,65 CL[TO _°77 .00 -62,63 51

47qi.C3 FT. '_YFR m R.31 .11 -62.63 51

4793.00 RCS_aN _,q9 .00 -62,63 51

4796.20 ST. JO_N_ 7°25 .00 -62°63 51

4807,97 CCILFGF 5.05 4.51 -62,63 51

4868°62 SA_:TIA6C q,70 55.59 -62°63 52

4874.43 LIWA q.7R .00 -62,63 52

4884.16 FT, _YFR_ q.33 .00 -86°29 52

4886°49 PC_P_ g.29 °00 -86°29 52

4898,7C CCLL_GF 7.60 2.92 -86°29 52

499C.20 CCILFGF C,79 83.90 -100.96 53

5083.38 CCLLrGE I_,28 83.3o -133.60 54

512C.g8 JCFA_NFSSUD6 1P._4 27.31 -133.60 55

5178,R4 CCLLFGF _.11 47.52 -157°25 55

5196,CI _INKFIFL_ 6,72 9.07 -157,25 55

528q.13 _INKrIFLt ie,36 R6._0 170°i0 56

534],21 CRPCPA{ R.45 41.72 170°i0 57

5384,0g wI_K_IFLP 7,79 34.4_ ]55,44 57

5387.65 ST. JOWN5 _,54 .00 ]5_,44 57

54B5.72 CEDCPA[ q,60 44,5q ]5_, 44 58

547g.46 ST, JC_N_ £_,27 34.14 131.7q 58

5496.18 CLIT_ 4,_I 6.45 13],79 59

54_7,84 LI_A 7°_7 ,00 ]3]o79 59

5501°63 5_NTIAGC 10°26 .00 131,79 59

5574°40 S_, ,JCFN_ R.]I 62.50 108,13 59

5577,58 RCSP_ _.C7 .O0 10_,13 59

557_.79 FI° _'Y_R_ 10.23 .00 I0_.13 59

5587.02 CLITm in,el .00 10_.13 60

559C.22 LIUA 9.36 .00 lOg.13 60

5597,49 5AKTIACC 5,_9 ,CO ]0R,]3 60

5672°75 _C_aN 7,72 69°67 84o48 60

5676.2_ FT, _yFR_ _.02 .CO 84,&8 60

576C,09 CCLL_GF A.4I 78.77 60°R2 61

5817°44 JC_A_'KF5mt,_6 7,74 50.g4 60.82 62

584C,IC WIAK_IFLt 7.2g 14.92 37.]7 62

5853.52 CCILFGF q,g5 6.12 37,17 62

5gli,46 JC_AK_Nrsmb_C o,_2 48.00 37,17 63
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TABLE F1. - POST-INJECTION VHF TELEMETRY COVERAGE
SEQUENCE -Continued

PCST INJECTIC _ CCVERA_E SECLENCF (INJFCTION TIFF= I0,00 MIN, AFTER LAUNCH)

TI_E, STATICN t_INL;TFS MINLJTF._ SINCE LAST A_C,NODE REV,

MIN, IN _ICHT LAST CONTACT F,IONG.,DE_, NO,

5931,51 WlNKFIEL_ In.!5 I0.52 13.52 63

5947e61 CCLLFGE I0,16 5.74 13,52 63
5981,30 ORRC_AL _,03 23.53 13,52 64

6027,11 WlNKFIEL_ 7,51 42.78 -I0.14 64

6031,09 ST, JOHN_ _.13 .00 -In,J4 64

6041,75 CCLLEGE _,40 7.54 -I0,14 64

6069.80 ORPC_At. I0,_5 19.65 -10.14 65

612C,17 ST, JO_JNS I_.06 40.03 -33,79 65

6135,56 CCLLFGF 5,71 5,32 -33,79 65
6166,41 ORPCPA| 4,35 25°I_ -33.79 66

6194,67 SANTTA_C 5o27 23.gi -33,79 66

6211,86 FT, MYFRS 5,R9 11.92 -57,45 66
6213,43 RC_AN 7.42 .00 -57,45 66

6214,71 ST. JO_N_ 8,74 °00 -57,45 66

6227.99 CCLLEGF 4,74 4,54 -57,45 66

6287,60 SANTIAGC 10,26 54.87 -57,45 67

6293,51 LI_A I0,_3 .00 -57,45 67

6303,14 FT, MYFR$ I0,14 o00 -81,10 67

6305,47 RCS_AN i0.08 .00 -81.10 67

16318*80 CCt.LFGF b.09 3.25 -81,I0 67

6410,02 CCLLEGE g,42 84,22 -10_.76 68

6502,78 CCLLEGE 10,36 83.34 -128,41 69

6540,80 JCFANNES_URE q,q3 27,66 -128,41 70

6597,67 CCLLFGF _,qO 46.94 -152.06 70
6616.45 WINK_IFL_ 3,R4 9.88 -152,n6 70

6635,83 JCNANNES_UPE 6,72 15.54 -152,06 71

6708,51 WlNK_IEL_ i_,]9 65.g6 -17_.72 71

6761,26 ORRCOAL 6,25 42.55 .175,72 72

6803,12 WI_KFIEL_ R,_7 35.61 160,63 72

6854,69 ORROPAL 10,21 42.69 ].60,63 73

6898,gl ST, JO_NS q,87 34.02 136,97 73

6919,66 LI_A 3,05 10.87 13h,_7 74

6921,58 SANTIA_C 9.73 .00 136.97 74

6993,40 ST. JOHNS g,18 62.09 II3,32 74

6997,26 RCS_AN Q,07 .00 11_,32 74

6ggg,42 FT, _YERS g.55 .00 II_,32 74

7006,29 QLIT_ I0,_6 .00 113,32 75

700g,27 LI_A 10,19 .00 113,32 75

7015._2 SANTIAGC _,13 .00 11_,32 75

7091,51 RCSM_N g,18 67.77 8_.66 75

7094,36 FT, _YgR_ 7,R9 .00 80,66 75

717g,g8 CCLLEGE 4.61 77.72 66.01 76
7238,15 JC_ANNESmURG 4,33 53.56 66,01 77

726C,78 _INKFIrL_ 5,_5 18.30 42.36 77
7272,g4 CCLLEGE 9,_4 6,61 42,36 77

7330,41 JCMANNESBURE 10.22 47.92 42,_6 78

7351,12 WINKFIFL_ 10,16 10.50 I_,70 78

7366,g6 CCLLFGE 10,31 5,68 I_,70 78

243



TABLE F£. - POST-INJECTION VHF TELEMETRY COVERAGE

SEQUENCE - Continued

PC5T INJECTIC_ CCVFPA6E 5Fc EMCF (IDJFCTION TIFF= 10.00 MID!,, AFTER LAUNCN)

TINE, _T^TICN NINt]TFS MTNUTF5 SINCE I A_T ASC.NODE REV.

MIN. IN _ICNT LAST CONTACT F.LO_G.,DEG. I0,

7445.71 _INKFIFLD R,P2 68.43 -4,95 79

7461.13 CCLLFCF R,gl 6.60 -4,95 79

7489,61 CRPCPA[ i0,03 19.58 -4,95 80

754C,06 ST, JC_N5 9,48 40.41 -2R.61 80

7555,06 CCI_L_GE 6,29 5,52 -28,61 80

7584.22 ORPCPAI 7,49 22.87 -28,61 81

7634,57 RCSRAN 4,56 42,R7 -52,26 81

7633,56 ST, JO_N_ e,66 .00 -52,26 81

7647.91 CCI_LFGE 4,62 4.69 -52,26 81

7706,77 SAk!TTA_C I0,_3 54.24 -5P.26 82

7712,90 LIUA 10.22 .00 -52,26 82

7722,46 FT. _#YER 5 10,!6 .O0 -7m,91 82

7724.75 RCSMhN 10._6 .00 -75.91 82

7738.q2 CCLLP6F 6,_9 3.81 -7_.91 82

78C3,94 SANTIA_C 4,77 58.63 -7_,91 83

7811,09 LIMA 2.04 2.3R -T_.gl 83

7824.11 RCSYAN .29 10.98 -99.5_ 83

7829,91 CCLLFGF q,q8 5,5} -99,57 83

7922.28 CCLL_6F IO,3B 83.39 -123.22 84

7961.00 JC_AMNESPUP6 n,g2 28.39 -12_,22 85

8016,65 CCLLP6[ 9,49 46.74 -146,_8 85

8054,21 JCPAMN_SALP6 _,82 28.07 -]46,_8 86

8114,11 CC[LPGF 4,43 51.08 -]70,53 86

8127,98 WlNKPlrLt 0.74 9.43 -170,53 86

8222.26 wIhK_IFL_ q,&3 84.53 16g,R[ 87

8273.83 ONPCmAI I_.36 41.94 165,81 88

8319,71 WINKPlFLD .68 35.52 142.16 88

8318,49 ST, JO_NS 0.I0 .CO 14P,|6 88

8341,87 S_MTIA6C _.65 14.29 147.16 89

8371,C3 CRPCDAL 4,64 20.51 147.16 89

8412.52 ST. JOWN_ 9.88 36.85 IIR.51 89

8417,25 RC¢_nN 7,40 .CO 118.51 89

8419.37 FT. UYFR_ P,IO .00 118,51 89

8425.90 CLITC I0,04 .00 ]IQ,51 90

8428,70 LI_A IO,B4 .00 118.51 90

8434,39 5_DTIAGC 9.48 .00 Ii_,51 90

851C,52 _C_AN ln.Cl 66.65 94.85 90

8513,07 FT, _YER_ 9,39 .00 94,85 90

8522,74 CLITC 3,g5 .28 94."5 91

8682,21 _IDKPI_Lt 2,41 155.53 47,_W 92

8692,40 CCLLFGF Q,97 7.77 47,54 92

874_,59 JC_A_'NFSPLP6 [0,_4 48.22 47,54 93

877C.92 _INKFIFLt 0.73 10.99 23,89 93

8786,33 CCLLFOE £_,36 5.68 2_._9 93

8848,05 jC_AMNFSmLP6 2.C1 51.36 23,_9 94

8864,60 _INKFIFLD o,66 14.53 ,23 94

8880.49 CCLLPGF 9._6 " 6.24 .23 94

8909,73 ORPCPAt q,25 19.89 .23 95
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TABLE F1. - POST-INJECTION VHF TELEMETRY COVERAGE
SEQUENCE - Concluded

PCST INJEETTCN CCVFPAGE SEQUENCE (INJECTION TIME= 10.00 MIN, AFTER LAUNCH)

TIVE, STATION MINUTES MINUTES SINCE LAST ASC,NODE REV,
PIN. IN _IEHT LAST CONTACT F.LONG=_DEG, NO,

8960.17 ST. JOHNS 8.56 41.19 -23,42 95

8974,52 COLLEGE 6.89 5.78 -23=42 95

9002.84 OR_O_AL 9,10 21.44 -23.42 96

9052,68 ST= JOHN_ 10,18 40.74 -47,07 96

9067.73 COLLEGE 4=71 4,87 -47,07 96

9126.13 SANTIAGO q,q2 53.69 -47.07 97

9132,62 LI_A 9,41 .00 -47,07 97
9135,13 Q_ITC q,53 ,00 -70,73 97

9142,10 FI. _YERS 10,04 .00 -70,73 97
9144=32 RCSMAN 10.19 =00 -70,73 97

9151.90 ST. JOHNS .92 ,00 -70.73 97

9159,05 CCLLFGE _,ql 6.23 -70=73 97
9221,93 SANTIAGO 7.61 57,07 -70.73 98

9227.94 LIMA 7.15 .00 -70.73 98

9238,03 FT, _YER$ 6,19 2,93 -94,38 98
9240.22 RCSM6N 6,50 .00 -94,38 98

9249.88 COLLEGE R.48 3.15 -94,38 98

9341.88 CCLLFGE 10.19 83,52 -I18.04 99

9381,70 JCHANNFSBURE 7,04 29,63 -I18,04 100

9435.76 COLLEGE 9.91 47.02 -141,69 i00

9473,14 JOHANNESBURG 9.90 27.47 -141,69 101

9532.29 CCLLEGF 6,28 49.24 .165,35 101

9547,55 _INKFIFLD R.q6 8,98 -165,35 101

9641.47 _INKFIFLD I0.II 84.96 171,00 102

9693,13 OR_CPAL 10.05 41.55 171,00 I03

9737.22 WINK_IFLD 5,10 34.05 147.35 103

9738.26 ST. JOHNS 7,_1 .00 147,35 103
9762.64 SANTIAEC 6,78 16,57 147,35 104

9789,04 CRPCPAL 7.47 19.61 147.35 104

9831,74 ST, JOHNS 10,27 35,23 123,69 104

9838,02 RCS_^N 4,04 .00 123,69 104

9839.98 FT, MyFR_ 5.23 .00 123.69 104

9845,90 QLTTC 8,96 ,69 123,69 105
9848,48 LI_A 9.q4 .00 123,69 105

9853,56 SANTIAGO 1_.17 .00 123,69 105

9927,6B ST, JOHNS 5,24 63.95 100,04 105
9929.72 RCSM_N 10,35 .00 100,04 105

9932,09 FT. MyFRS 10.16 ,00 100,04 105

9940,26 QLITC 7,77 .00 100.04 106
9946.12 LIMA 5,qO .00 100.04 106
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TABLE F2. - POST-INJECTION COLLEGE AND ROSMAN
TELEMETRY COVERAGE SEQUENCE

PCST-I_jrCTICN CCLIFCE A_D R_S_AN TELEMETRY COVERAGE SEQUE_,CE

"_CpTN LAT. EAST LONG, NIN LLEV.

DFG DEC DEG

STATICN 1 C_LLECE 64oQ0 212.10 5.00

STATICN 2 RmSvAB_ 35.20 277.10 5.00

CR_IT ALT= BOO.O KF,

CRBIT I_}CL= n7,3 R _EC,

LABKC_--TC-I_!J_CTICN A_'CIE= 20,00 _EG.

CRBIT FE_ICD= _4._2 MIC_T_S

EARTh R_DILS= 33,0 PEPCF{_T ¢V_P ACTtIAI. (RFFRACTTON CORRECTION)

FINI_L_ TIMF= .CO _I_;

_EST_A_C 5FTFT rF AEC, _'G_E= 23.65 DFG,/CRBIT

LACKCF LCI_GITI_O_= -120°_3 _EG, _AST

LADhCF LATIT_F= 34,76 _E _ , N_RTH

LAL_.CF VELCCITy FAS 5rLT_FPLY CO_PCt:Eh_T

LALKCF TC I_'JFcTICN TIFF= ICo00 _IN.

TCT_L TIME= ICOCC.OC Fir.l°

5TATICK! FAX, _£ PAniC _ VI_IPLF(_EG) _AX, DIST,KMo

I I_°;1 2_20,1

2 IC.71 2_2_.I
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TABLE F2. - POST-INJECTION COLLEGE AND ROSMAN
TELEMETRY COVERAGE SEQUENCE - Continued

PCST I_JECTIC _ CCVEgA6E 5FC_E_Cr tINJFCTICN TIPF= 10,00 MIN, AFTER LAUNCH)

TIPE, _IATIC_! _INIjTE5 _IhllJTF5 SINCE I AST ASC,NODE REV,

_I_, I p" _I(=HT LAST (OtiTACT _,IONG,,DEG, hO,

gI,88 CCLLrGE q,q2 37,58 1

185,96 CCLLEE_ 10,18 84,16 19,Q2 2

280,11 CCLL_GF R,44 83,g7 -9,73 3

373,g2 CC[.LrGF 5,76 85,37 -33,38 4

451,8g RC_N 7,26 72.21 -57°04 5

466,3g CCt. LFGE 4,73 7,25 -57,04 5

543.81 RC_^N I_,12 72.69 -80,fi9 6

557,22 CCLL_ 6,q4 _.2g -8N,69 6

648.41 CCLLFGF 9.39 84.25 .I04.35 7

741.14 CCLLFGF I_,36 83,34 -128,00 8

835,gg CCI.LCGF R.g5 84.48 -151,66 g

1235,65 RCS_AN _,g7 390,70 113,73 14

132g,83 RCS_N 9,76 85,2] 9n,07 15

1418.39 CCLLFGF 4.43 79.30 66,42 15

1511.30 CCI.LCGF g.50 88._8 42,76 16

1605,32 CCLL_GF I_,_2 84,51 Ig,ll 17

1699,48 CCLL_GE 8,q5 83.84 -4,54 18

1793,42 CCLLFGF 6,_3 84,99 -28,20 19

1873.13 RC_AN 4,22 73.38 -51,85 20

1886,31 CCI.LF6F 4,62 8,96 -51,_5 20

1963,11 RC_AN 1_,_6 72,18 -75,51 21

1977.34 CCLL_GF 6.34 3.86 -75,51 21

2061,62 RCgMAN ],q6 77.g4 -99,16 22

206A,31 CCLL_GF R,g5 4.73 -9g,16 22

216C,65 CCl_Lr6 _ lb,3? 83,39 -122,_2 23

2254,98 CCLLF6F g.53 84.01 -146,47 24
2352,36 CCLLEGF 4,61 87,84 -170,12 25

2655.68 RC_N 7,22 298,71 II_,9l 29

2748.86 RCC_N 10,05 85.96 95,26 30

293C,76 CCLLFGE R,gl 171.85 47.95 31

3024.68 CCLLFG_ 10,36 85,01 26,30 32

3118,85 CCLLrGC q,40 83,80 ,64 33

3212,88 CCLLF6E 6,g4 84.64 -23,_I 34
3306,11 CCLtrOE 4,72 86.30 -6fl,f17 35

3382,70 RCS_AN I_,16 71,86 -70,32 36

3397,47 CCLLE6F 5,76 6.61 -70,32 36

3478,46 RC_MAN 6o72 75.23 -93,g7 37

3488,28 CCl LFGF 8,44 3.10 -g_,g7 37

358C,26 CCLLFGF 10,17 83,54 -117,63 38

3674.11 CCI. LFGF g.g4 83.67 -141,28 39

3770,57 CCLLFGF 6.40 _6.53 -164,q4 40

4076,58 RCS_AN _,58 299.61 124,10 44

4168,08 RCS_AN 10,36 87,92 100,45 45

4265,53 RC_AN Z,73 87,10 76,79 46

4350,28 CCI. LF6_ ",12 82,02 53,14 46

4444,06 CCLLF6_ I¢,29 85,66 29,48 47
4538,20 CCLL=GF o,7_ 83o86 _,_3 48

4632,30 CCI_Lr6_ 7,55 84,33 -17,83 49
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TABLE F2. - POST-INJECTION COLLEGE AND ROSMAN
TELEMETRY COVERAGE SEQUENCE - Concluded

PCET IhJECTIC _! CCVFPACE SFCLFr,<F ,I_,IJFCTICN TI_ F= lo.on miN. AF_TER

TIWE, _TATICN IvI_LT_S _I_LTF5 SINCE I A_l AgC.NnDE RLV.

rIB. I _' _ICHT LAST CONTACT r.to_'G.,nEG, hO°

LAUNCH )

4725._I CCLLFOF 5.e2 85.9? -41.68 50

48C2.58 RC_MAN q.50 71.75 -6_.13 51

4817.57 CCI LFGF _,26 5.50 -65.13 51

4896,76 RCS_AN o,6q 73.93 -8_,7g 52

49C8.31 CCLLr6_ 7._8 2.86 -8_,79 52

4999,96 CCLLFGF 9.93 83.76 -112,44 53

5093,35 CCI LFOF 10.20 83.46 -136,10 54

5189.11 CCI t_6F v,63 85.56 -15Q,75 55

5587,46 RCS_AK [e,21 390.72 I0=,_3 60

5683.13 RCe_nN A.69 85.46 RI.Q8 61

576q.88 COl LFGF 7,05 80.06 5P,92 61

5863.45 CCtLr6F 10,C9 86.52 34,67 62

5957,56 CCLLFGr Ie,O_ 84.02 II,02 63

6051,6g CCLLFOF P,]3 84.08 -12,64 64

6145.47 CCILFGr _,46 85.59 .36°29 65

6222.P0 RC_^N °,78 71.93 -50,05 66

6231.63 CCttr6_ 4 _7 6 55 -SQ o5 66

6315,56 RCCFAN q,77 73.06 -8_.60 67

6328.39 CCLLFGF 7.29 3.06 -8%,60 67

641q.7_ CC[LFGF q,Al 8_.06 -I07,26 68

6512,70 CC_LFGF I_,34 83.35 -130,91 69

6607,86 CCILFOF P,55 84.82 -154,56 70

7007.03 RC_M^_ 0,58 390.62 110.R2 75

71CI.71 RCS_N P,57 85,10 87.]6 76

7189.63 CCLLFGF _._8 79.35 6q.51 78

7282.86 CC[ LFGF 9,76 _7.65 39.86 77

7376,q1 CC[ trOF 10,25 84.30 16,20 18

7471o07 CCLLPGr P,67 83.9] --7.45 79

7564,95 CCLLrOP 6oeO 85.20 -31.11 80

7643.53 RC_N 6,19 72.58 -54,76 81

7657,60 CCl LF6_ 4,66 7.88 -54.76 81

7734,70 RCSFA_ ifi,28 72.4& -70.41 82

774_.50 CCLLrOF A._8 3.52 -7_,41 82

7839,60 CC[ trOF q.20 84.42 -102.07 83

7932.]5 CCLLFGF le,S6 83.35 -]2_,72 84

8C26,77 CCLLrGF q.23 84.26 -]4o,%8 85

8124.g0 CCtLPGF _.C5 8P.gO -173.03 86

8426.84 _C_N 8,33 298.S9 ] i_,01 90

852C,61 RCgWAN Q,67 8_.44 92o35 91

8609,78 CCLLFGF _,20 79.50 6m,70 91

8702.30 CCLLF6_ q.27 89.32 4_,0_ 92

8796,28 CCLLFOF I0,_5 84.71 21,39 93

889C°44 CCLLFGF q.15 83.81 -2,27 94

8984.42 CC! L_GF _,_0 84.83 -25,92 95

9077,47 CCLLrOF 4,64 86._5 -4o,57 96

9154,13 _CS_AN 10,_3 72.02 -79.23 97

916_,63 CCLLPGF 6,C8 4.17 -7%,23 97

9251,C7 _Cq_AN 4._4 76.36 -9A,88 98

925q,53 CCLLFGF P.73 3.62 -g_,P8 98

9351,71 CC| LF6F 10.27 83.45 -120,54 99

9445,82 CCLLr6_ Q,73 83.84 -14&.19 I00

9542.75 CCLLEGF m,49 87.21 -167.35 i01

9847,12 qCS_AN 6,02 298.87 121,19 105

9939.73 _CS_AN 18.24 86.59 97.5_ 106

248



APPENDIX G

STADAN DATA ACQUISITION CAPABILITIES
AND SYSTEM DESCRIPTIONS
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APPENDIX G
STADANDATA ACQUISITIONCAPABILITIES

AND SYSTEMDESCRIPTIONS

This appendix contains tabular data on the capabilities of the STADAN stations

in the areas of telemetry and command systems. This information was ob-

tained from reference 4 where further details can be found.
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TABLE GI. - GEODETIC LOCATION OF STADAN STATIONS

Station East longitude

College, Alaska 212-09-47. 383

Ft. Myers, Fla. 278-08-03.887

Alaska 212-29-05. 794

Gilmore Creek, 212-30-18. 045
Alaska

Carnarvon 289-18

Johannesburg,
South Africa 027-42-27. 931

(40-foot dish) 027.42-27. 931

Lima, Peru 282-50-58. 184

Quito, Ecuador 281-25-14. 770
(40-foot dish) 281-25-08. 109

Rosman, N.C. 277-07-40. 532

St. Johns, 307-16-43. 240
Newfoundland

Tananariv e 47-30

Santiago, Chile 289-19-51. 283
(40-foot dish) 289-19-51. 283

Winkfield, England 359-18-14. 615

Orroral, Australia 148-57-0

Latitude

N-64-52-18. 582

N-26-32-53. 516

N-64-58-36. 572

N-64-58-42. 667

S-24-30

S-25-52-58. 862

S-25-53-08. 025

S-I 1-46-36. 492

S-00-37-21. 751

S-00-37-23. 241

N-35-12-00. 499

N-47-44-29. 049

S-18-30

S- 33-08-58. 106
S-33-09-04. 934

N-51-26-44. 122

S-35-38-0
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TABLE G2. - GSFCSPACE-TO-GROUNDTELEMETRY
FREQUENCYAND CHANNELALLOCATIONS

Frequency GSFC Center freq, Bandwidth
bands, MHz application MHz Nominal Maximum

136

137

400.05

401

1700

- 137

- 138

- 401

- 402

-1710

Space research 136. 020 30 kHz 90 kHz
telemetering to (max.)
and tracking 136. 980
(Minitrack)

Space research 137. 020 30 kHz 90 kHz
o

telemetering 135. 980 (max.)

Space research 400. 100 50 kHz 300 kHz
telemetering to (max.)

400. 950

Space research 401. 000 50 kHz 300 kHz
telemetering to (max.)

401. 950

Space research 1705

telemetering

1.5 kHz
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TABLE G3. - MINITRACK TELEMETRY ANTENNAS

Nine yagi antenna characteristics

Center frequency

Frequency range

Gain

Polarization

"E" -- and 'WH1W--

plane pattern

Sidelobes

¥SWR

Nominal impedance

136.5 MHz

135-138 MHz

19.2 dB above isotropic

Horizontal, vertical, right
and left circular

19.5 deg at the half-
power points

Down 12 dB or better

Under 1.1 at 136.5 MHz
Under 2.0 from 135-135 MHz

50 ohms

Sixteen yagi antenna characteristics

Center frequency

Frequency range

Gain

Polarization

"E" and "H" plane

pattern

V SWR

136.5 MHz

135-138 MHz

22.4 dB above isotropic

Horizontal, vertical, right
and left circular

13 deg

Under 1. 1 at 136.5 MHz
Under 1.5 from 135-138 MHz
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TABLE G4. - MINITRACK TELEMETRY CHARACTERISTICS

Preamplifier characteristic s

Receiver

Local oscillators

Tuning range

Noise figure

Image frequency

I. F. frequencies

1st 20.75 MHz

2nd 3.25 MHz

3rd 455 kHz

Converted signal

555 kHz

162 kHz

62 kHz

22 kHz

12 kHz

FM detection

AM detection

AGC response

Noise figure

Gain

C enter frequency

Bandwidth

Output impedance

Receiver

BFO

Calibration oscillator

Calibrator attenuator

3.5 dB nominal

35 dB

136.5 MHz

4.3 MHz

50 ohms

characteristics

Triple conversion superheterodyne

C rystal c ont rolled

136-137 MHz

Less than 3 dB

At least 60 dB

Predetection bandwidths

1 MHz

300 kHz or 100 kHz

30 kHz or 10 kHz

Bandwidth in use

1 MI-Iz

300 kI-Iz

100 kHz

30 kHz

10 kI-Iz

Limiter and Foster-Seeley
discriminator (all bandwidths)

Unbalanced diode with post-
detection filtering (all bandwidths)

3 Hz, 10 Hz, 30 Hz, "A" pulse
(slow response): "B" pulse (fast
response): manual gain control

+30 kI-Iz

455 ttz ±10 Hz

-60 dBm to -150 dBm in 5-dB

steps
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TABLE G5. - PCM DATA HANDLING EQUIPMENT CHARACTERISTICS

Signal conditioner

PCM inputs

Bit rate range

Code type output

Synchronization

Bit rate tracking range

Bit jitter capability

Synchronize r

Number of formats

Word length

Frame length

Subframe length

Parallel computer
word output

Serial output

Data word selector

DWS outputs

Display units

Outputs

PC M simulator

Type data

C ode type

Bit frequency

Word length

Frame length

Subframe length

RZ, NRZ-(C), NRZ-(M), split

phase

1-200 000 bits/sec

NRZ- (C)

To -6 dB (peak signal/rms noise)

+10 percent bit-rate frequency,
minimum

+25 percent bit period

10

32 bits, max.

512 words, max.

512 frames, max.

37 lines

Two lines (one for remote)

Nine-bit parallel digital readout
Timing clock

Chart recorder

Bar graph
Decimal

Serial

RZ, NRZ-(C), NRZ-(M), split phase

Variable 1-200 000 bits/sec

4-32 bits

512 words max.

512 frames max.
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TABLE G6. - R & RR SYSTEMPERFC_IVIANCECHARACTERISTICS

Rangeresolution, S band]vhf

Range-rate resolution, S band

Range-rate resolution, vhf

S-band up-link frequency

S-band down-link frequency

VHF up-link frequency

VHF down-link frequency

Data rates

Data format

S-band transmitter power output

VHF transmitter power output

Modulation system

S-band receiving antenna

Frequency

Gain

Tracking method

Polarization

S-band transmi_ing antenna

Gain

+15 m

_0.1 m/sec

+1.0 m/sec

1801 MHz nominal

2253 MHz nominal

147 to 151 MHz

136 to 137 MHz

8, 4, 2, or 1 measurements

per second

5-level Baudot code

1 to 10 kW

1 to 10 kW

PM/PM

14-ft parabola with Cassegrain
feed (X-Y mounted)

2253 MHz (nominal)

37 dB

Amplitude monopulse

Vertical linear
Horizontal linear

Right-hand circular
Left-hand circular

14-ft parabola with Cassegrain
feed (X-Y mounted)

35 dB
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TABLE G6. - R & RR SYSTEMPERFORMANCECHARACTERISTICS
(Continued}

Polarization

Frequency

Carrier and subcarrier
loop tracking bandwidth

Carrier and subcarrier
loop acquisition bandwidth

Rangetone tracking

VHF receiving system

Frequency

I. F frequencies

Noise figure

Dynamic signal range

L O. frequency

VHF antenna(receive and
transmit}

Frequency range

Gain

Polarization

Right-hand circular
Left-hand circular

1801MHz (nominal}

400 and 20Hz

1600, 800, 300, 20Hz

For 500 kHz, 100kHz,
and 20 kHz tones:

1.0 or 0. 1Hz.
For remaining tones:

0.25 or 0. 1 Hz

136to 137 MHz

60 MHz and 10MHz
(dual conversion}

3 dB, max.

-66 to -144 dBm

196to 197MHz
(voltage controlled}

Slotted array (X-Y
mounted

136to 150MHz

21.25 dB (transmitting}
20.5 dB (receiving}

Vertical linear
Horizontal linear
Right-hand circular
Left-hand circular
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TABLE G6. - R & RR SYSTEMPERFORMANCECHARACTERISTICS
{Concluded}

S-band receiving system

Frequency

I..F. frequencies

Noise figure

Dynamic signal range

Second i.f. bandwidth

Loop tracking bandwidth

Loop acquisition bandwidth

Range-tone tracking
bandwidth

2253 MHz, nominal

60 MHz and 10 MHz
{dual conversion}

3 dB, max.

-78 to -148 dBm

10 kHz

160 and 10 Hz

400, 140, 10 Hz

For I00 kc tone:
2.0 Hz or 0.1 Hz.

For remaining tones:
1.0 Hz or 0.1 Hz

259



TABLE G7. - COMMAND TRANSMITTERS

There are four types of con]nlalld

statioll eornrllarld coiqsoles. They

The transmttler is energized 0. fi

an-, transmitters that will normally be used with the

are listed l)clow with some pertinent characteristics.

sec prior to the comnland message,

GF-4BT91A 1 rrA 250011 Collins 242G Hughes I

Frequency 120-155 Mllz

Maxin/um rf

power output

Otllput
a|tenuation

Audio

distortion

Stability

l ,o('al loll

147-157 Mllz

5000 V<

cw

_i or 10 dB

5g max. at

95_ modu-

lation 100

to12 000H/

x0. 001_g per

day 0 t()
+50°C

(_u it (),

Ecuador

Santiago,
Chile

J_)hannesburg,

S. Africa

Hos_llan,

N. Carolina

Fairbanks,

Alaska

2500 '¢,

c w

5 cIB or

variable

bv detunin_

5_ nlax. at 95g.

modulation 100

tol2 000 llz

i200 llz of

nominal

frequency
+30°F to 120'I"

t"a i r bank s,

Alaska

_osnlall,
N. Car,)lma

108-152 MIIz

200 _,_. c_t

(h'tuning

10g max. al

!)0_ modula-

tion 300 to

10 000 Ib'

_0. 002_

Fairbanks, Alaska

Orroral, Australia

Barstow, Calif.

l"t. Myers, Fla.
Quit(), Ecuador

I.ima, Peru

Santiago, Chih,

Saint J_dm_,

N e_ fotllld [a lid

\_, inkfield, En_laud
Johannps|)uv_, S. Afch'a

TanaimI'i_ _., M:, la_a,45

120-122 MIlz

147-157 Mllz

2500 _,_, c_

0-10 dB In

2 dH steps

5:g max. at !)Sg

modular b)n 100

to12 000 ]D

:0. O0 It

}{()sn'lan, N. C.
I:ta r st,)v,, Calif.

I,'t. Myers. Fla.
I'a trlianks, AIu_k:l

Malaaasy

\\ inkficld, Fna.
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TABLE G8. - COMMANDANTENNAS

There are three types of command antennas that are used at the various STADAN stations.

are listed below with pertinent characteristics.

Type

Frequency

Gain

Power

Polarization

Beamwidth

Control and

Speed

VSWR, max.

Locations

They

RSI-054 l RSI-071-024

Disc-on-rod, crossed

dipoles, cavity, 10

discs (rood. 0-3) or 5

discs (mod. 4)

123 and 148-150 Mlqz

13 dB nominal (roods

0-3} or 9. 5 dB nora

(rood 4)

3 kW av

Right, Left, and 2

linears

36 ° nom (roods 0-3}

or 54 ° nora (mod 4)

at 112 power pts

On 85 _ tracking

antenna, 3°[see

1.3to 1

Rosman, N. Carolina (2)

and Orroral,

Australia,

roods 0-3;

Fairbanks, Alaska
rood 4

9 disc-on-rod

array, crossed

dipoles, cavity

123 and 148-150 MHz

22 dB nominal

5 kW av

Right, Left, and
2 linears

15 ° nom at

1[2 power pts

Slaved or manual,

X-Y Dalmo-Victor

(SATAN pedestal).

5°/see

1.25 to 1

Quito, Ecuador

Santiago, Chile

Johannesburg, S. Africa

Fairbanks, Alaska (2)

Rosman, N. Carolina (2}

Orroral, Australia {2)

Tananarive, Maiagasy (2)
Winkfield, England

Barstow, California

Ft. Myers, Florida

Lima, Peru

TACO D- 1444

Dual 7 element

Yagi/crossed folded

dipoles

123 and 148MHz

13 dB nominal

2 kW nominal

Right, Left, and 2
linears

36 ° nominal at

1[2 power pts

Manual, CDR HAM-

M rotator. 6°]sec

1.4to 1

Fairbanks, Alaska

Orroral, Australia

Bar stow, California

Ft. Myers, Florida

Quito, Ecuador
Lima, Peru

Santiago, Chile

St. Johns, Newfoundland

Winkfield, England

Johannesburg, S. Africa

Tananarive, Mata_asy
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pI_ECEE:)_G pAGE 5LANK, lqo'f ?lL_gD"

APPENDIX H

TELEMETRY COVERAGE PROFILES

This appendix contains examples of telemetry coverage for typical days of

operation that are expected to be encountered during the lifetime of the
satellite. Table H1 and H2 contain vhf and S-band telemetry coverage

information, respectively. There are 24 typical days represented correspon-
ding to 24 different east longitude ascending nodes (degrees). This covers

all of the possible "coverage days" to a resolution of 1° in nodal longitude.
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TABLE HI. - VHF TELEMETRY COVERAGE
PROFILES

vMF TELEUETRY CcvEPAGE PQO_ILE5

HCPTN LAT, EaST LONG,

DFG nEC

MIN ELEV,

DEG

5TATICN i CCLLE_E 64.90 912.10 5.00

STATICE 2 FT. _YEP_ 26.50 27m. I0 5.00

5TAIICN 3 J_FAN_ESBI:Rc -25.90 27.70 5.00

STATICN 4 LI_ -11.80 282.B0 5.00

STATICN 5 CPRCR_L -35.60 14_.90 5.00

STATICS! 6 CIJITC -.60 281.40 5.00

STATICN 7 R_S_AN B5.20 777.10 5.00

5TATICN R ST. JO_5 47.70 _07,BO 5eO0

5TATICN 9 5_TIACC -33.20 28q.30 5.00

STATICN 10 WINKFIEtt 51.50 _SQ,_O 5.00

CReIT ALT= _OO.O KV.

CR_IT INCL= 97.3 n _EC.

NcCAL LCNGIT_F STE D 517E= 1.0n DEG.

CRPIT PERICD= 94.62 _INIJTE5

EARTh RACIS_= 39.3 PEoCFI_T CVFR ACTtJAL (REFpACTION COPRFCTION)

_IKI_L_ TIWF= 3.00 el K'

_EST_APD SFIFT tF ASC. K'o_E= 23.65 DEG./ORBIT

STATICN WAX. _C P_!CF VISIALE("EC) MAX. BIST,VM.

] 1g,73 2_31,1

2 19.73 2_31.l

3 I_. 73 2%31.1

4 19.93 233].1

5 19.73 2_31.1

6 19.73 2331.1

7 19.73 2331.1

iq,73 2_31.1

19.73 2_31.I

1C 19,_3 2_3_.1
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TABLE H1. - VHF TELEMETRY COVERAGE
PROFILES - Continued

EAST LCNEITUDF.ASC. KCD_ (TIHE=q) = .00 DEG

TIWE. STATICN _INUTFS MINUTES SINCE

_IK. I_t SIGHT LAST Co_TACT

8.67 _INKFIFLr q.64

24.55 CCLLFGE q.35 6.24

53.75 ORPCQAt q.30 19.B5

104.1g ST. JOWNS _.62 41.14
118.56 CCLLFGF 6,n8 5.76

146.q2 CRRCDAL q.05 21.4R

196.74 ST. JONMS I0.17 40.76

211.76 CCLLC6E 4.72 4.85

27C.18 SA_ITIAFC q.g6 53.70

276.65 LIWA _.47 .00

279.16 CLITC q,60 .00

286.13 FT. UYFRS I0.08 .00

288.36 RC_N IQ.22 .00

303,07 CCLLFGE _,_5 4.49
366.C3 S_NTIA_C _,53 57.11

372.06 LIPA 7,C4 .00

382.16 FT. _JYFRS _.05 3.06

384.35 RC_MAN 6._9 .00

3q3,90 CCLLEGF _.52 3.17
485,92 CCLLrGF 10.21 83.51

525.68 JCNA_'NFSPURE 7.17 29.55

57_.83 CCLL_GE q.gl 46.98

617,21 JC_ANNFSPb_E g._8 27.48
676,39 CCLLF6F _,23 49.30

6gl,5g WI_KVIFL_ °,el fl.g7

785.53 WI_,K_IFL_ iq, lO 84.93

837.18 CRUCIAL I0.08 41.55

881,31 WINK_IFL_ _.Cl 34.05
882.29 ST, J_HNS 7,qo .00

g06.62 SA_TIA6C 6.qI 16.43

933,14 CRRC_AL 7,_9 19.61

975.80 ST. JOFNS 10,27 35,27
981.96 RCSH_N 4.30 .00

gB3.g4 FT. _YFRF _.44 .00

98_.gl CLIT_ q,_4 .53

992.51 LI_A q.m8 .00

997.6] 5ANTTA_C 10,16 .00

I071.77 ST, JOFN_ 5.14 64.00

1073.78 _C_MAN 10,_5 .00

1076,15 FT, _YFRF 10.15 .00

108_.36 CLITn 7.6R .00

1088.27 LIPA _,b3 .00

1255.g5 CCLLPGE _.24 162.06

1313,C4 JCHA_!NFSPUP_ q,q4 4R.84

1334.g3 WI_'K_IPLt q._8 11.95

134g.75 CCLL_OF 10.31 5.75

1409.16 JC_ANN_SBUP_ 6._3 4g. I0

1427.78 _I_KCIEL_ 10.14 11.88
1443.90 CCI_LFGF q._4 5.gB

1474.22 CR_COAL _.q7 20.5_

1525.93 _INK_IFL_ 3.08 43.75

1524,58 ST, JOPN_ 7,28 .00
1537,gg CCLL_GF 7.49 6.13

1565.96 CRPC_AL q,q6 20.48

lAST ASC.NODE

_.LONG..DEG.

.00

-23,65

-47,31

-70.q6

-94.62

-II_,27

-141.93

-165,58

-18q,23

-212.R9

-236,54

-26_.20

-307,50

-331,16

-354.BI

-37B.47
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TABLE H1. - VHF TELEMETRY COVEPJkGE
PROFILES - Continued

EAST LCNcITtD_',A5C° NrC_ (TIF'F=C)) = 1,00 DEG

T I _'E ,, ST^TTC_ Y_Nt:TE5 F'TNIjTF S SINCE

PIN, I t' £1C-FIT LAST CC)kTACT

8.62 WI_'KFIFLD Q.76

24,57 (CLLFGF Q,43 6,19

53.g5 C_eC#AL Q.IO 19°95

104.38 ST. JCWN_ _.40 41.34

118.60 CCLLr6F _.00 5.82

146.85 C_C_AI Qo?8 21,25

196.74 5T, JCFN5 10.23 40.61

211.85 CClLF6F 4._6 4.a8

270.22 5AK'TIA_C Q,q2 53.60

276.78 LIV# q,23 ,00

27q.30 SLIT _ _,_7 °00

286,24 FT, UYFR_ Q,q6 .C0

288,46 QC_AN te,14 ,OC

303.24 CCLLF6_ _,74 4.65

_65.86 5_K'TIAGC 7+_i 56.89

371,85 LI_A 7._5 .CO

381.86 FT. wyFR5 _,66 2.48

9R4,C8 PC<_AN (,.e I .CO

394.C5 CCLL_GP P.41 B.05

486,C0 CCLLr6F 10.17 83.54

526.C4 JcWAh+NcSPE_ 6 #_,66 29.£7

57_,81 CCLLr6F 9.97 47,11

617,19 JCFA_!NFSPbP6 I0,02 27.41

676.22 CCLLFGF 6._i 49.01

6gi,67 _I_K_IFLD _._2 S.93

785.53 _I_rKCI_Lt i_.17 85.04

837.21 CR_CqAI Qe_7 41.51

8R1,17 _I_KPI_L_ 5.46 _4.00

882.42 51. JCNN_ 7.58 ,00

906.q8 5#_'TIA6C 6.42 16.99

932,g7 D_C_I 7,77 19.57

q75.80 sT, JC_N_ le._l 35.06

982,50 RCC_AN _.14 .00

984.36 FT. _'yFR5 4._6 .00

ggC.II _LIT m P.73 i°19

992,65 LIWA _.71 .00

997.65 S_m'TTA6C 10.24 .00

1071.61 ST. ,IC_ 5.A3 63.73

IC73.79 RCSMAN I_.37 .00

1076.13 FT, _'YFR_ 10.23 .00

1084.17 CLIT_ R.]2 ,00

1087,q3 LI_'A 6,_6 ,00

I171,02 RC£_6N 3.24 76.73

1256,01 CCLLF6 p £.07 81.75

1313.10 JC_A_NESmIJPC 0.79 49.02

1335,C9 _INKFI_L_ R.ql 12.20

134£.78 CCLLC6_ I0.29 5.77

1408,94 JC_ANNFSPLP6 7.24 48.87

1427.77 _INKPI#Lt 10.20 II,60

1443,g2 CCIL_6F 9,RO 5,94

1474,51 O_PCOAL 7,62 20.79

1525,45 WINK_IFL_ 4.00 43.32

1524,84 51, .JC#N_ 6,_6 .O0

1538.C2 CCLLFGP 7.60 6.22

1565.95 CR_CDA[ I0,C7 20.33

I AmT A&C.NODE

P.tO*!G.,DEG.

I.00

-22.65

-46.31

-6q,q6

-9_.62

-117.27

-14n.q3

-16_.58

-18_.23

-211,_9

-23_,54

-25q,20

-282,85

-306.50

-33m.16

-_5a,81

-_77.47
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TABLE H1. - VHF TELEMETRY COVERAGE
PROFILES - Continued

EAST LCNEITtD_,ASC. RCCF (TIME=o} : 2,00 DEG

TIWE, STmTTCN W_NHTE5 _INIJTFS SINCE

WIN, In' 51_HT LAST cONTAcT

8,58 WINK_TFLm q,87

24.58 CCLLEGE 9,51 6.13

54,17 CR_CPAL 8,87 20.07

104,59 ST, JO_NS Ao]6 41.55

118,63 CCLLEGE 7,II 5.88

146,79 ORVC_At. 9,47 21.05

196,74 ST, JOPN5 10,28 40.47
211.95 CCI.LFGE 4,80 4.g2

27C,2b SANTTAGC q.66 53.51

27e,g3 LIMA _,g5 ,00

279.47 QLITP a,]l .00

286,36 FT. MYFR5 q,Rl .00

288,55 RC_MAN 10,04 .00

294.52 ST. JOHNS 3.73 .00

303.40 CCLLFGE 5.64 5.16
365.72 SANT_A_C 8.24 56.68

371.63 LI_A Q,Oo .00

381,60 FT, MYERS 7,19 1,97

383,86 RCSWAN 7,37 .00

394.19 CCLLFGE 8._1 2.97

486.C8 CCLLrG_ ln,13 83.58
526.43 JC_ANN_5_tJ_6 6,C9 30.23

579.80 CCLLrGE i0.03 47.28

617,18 JC_A_!N_SBuW6 10,13 27.35

676.07 CCLLF6E 6,77 48,75

691,75 _INK_I_L_ Q.60 8.91

785,53 WINK_I_Lt 10,23 85.18

837,24 CR_CPA t g.84 41.49

881,05 _I_'K_IFL_ S,Rb 33.97

882.56 ST. JO_N_ 7.22 .00

907,39 5ANTIAGC _.87 17.61

g32,83 CRPCPAL 8,11 19,57

975.80 5T. JCWN_ 10.34 34.87

984.g3 FT, UYFRS _,38 .00

g9C,33 QLITC "._8 2.02

g92,81 LIMA q,51 .00

997,66 SANTIAGC i0,30 .00

IC71.46 ST. JO_NS 6.07 63.50
1073.80 RCS_AN I0._7 ,00

I076,12 FT, _YERS 10.30 .00

1084.02 _LITe R.51 .00

I087.65 LIMA _,q8 .00

I17C,57 RCSMAN 4,27 75.94

1256.07 CCLLF6E 7.88 81.23

1313,16 JCWA_'NESPUP6 g,62 49.21

1335.26 WINK_IELt R.73 12.49

134g,80 CCLL_GE 10.26 5.80

1408.74 JCHA_INFS_R_ 7.68 48.68

1427.78 WINKrIFL t i0,76 11.36

1443.94 CCLL_GE _,"6 5,91

1474.82 CRUCiAl. 7.24 21.02

1525.06 WI_KFI_Lt n,72 43.01

1525.11 ST. JOHNS 6.61 .00

1538,05 CCLLFGE 7.72 6.33
1565,96 OR_CDAL 10.16 20.20

LAST ASC.NODE

E.IONG.,DEG.

2.00

-21.65

-4_.31

-68,96

-92,62

-116.27

-139,93

-163.58

.187,23

-21_,89

-234,54

-25_.20

-281,85

-30S,50

-_2q,16

-352.RI

-376,47
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TABLE H1. - VHF TELEMETRY COVERAGE
PROFILES- Continued

EAST LCNCITCOF,ASC. NC_ p (TIME=n) = 3,00 DEG

TIWEq 5TATICN WTNtJTFS MvNIjTF5 SINCE

_IN, I t' SIGHT LAST CONTACT

8,56 _INK_IFLR 0,07

24,60 CCLLF6F Q,58 6.08

54,40 ORRCOAL q,61 20.21

I04,80 ST, JOHNS 7,gi 41,79

118o66 CCI.LF6_ 7,23 5.95

146,75 C_C_AL 0,65 20.85

196°76 ST, JOHNS I0,32 40.36

212,03 CCI.LF6F 4.86 4.95

27C.32 SA_TIA6C _,48 53._3

277.09 LI_A 8,63 .00

279,65 QCITO R,RI °00

286.50 FT. #YERS "9,65 .00

288.66 RC_N q.93 .00

294.C8 ST, JC_N= 4,_6 ,00

303.57 CCLL_GE _,_4 4,93

365.58 SAKTIAGC 8°55 56.48

371,46 LIWA R.39 ,00

381.38 FT° MYFR5 7,66 1.53

383,66 RCSyAN 7.78 .00

394,34 CCtL_GF _,20 2.91

486.16 CCLL_GF i0.09 83.62

526,88 JCNA_!NESBUP6 _,42 30.64

579.80 CCLL_GF lq.08 47°49

617,19 JCFANNF$_UR6 10,22 27.31

675°92 CCLLFGE 7,_2 48.51

691°83 _INK_IELD P.37 8.89

785,53 _INKrlEL _ IQ°27 85.32

837,29 CRQCPAI 9°69 41.48

88C,95 _IKIK_IEL _ 6,24 33,97

882,71 5T, JOHKS 6,83 .00

907.84 SANTIA_C 5.23 18.29

932.69 ORWCPA[ 8.42 19.63

975.81 ST° jOHN_ 1q,36 34.70

99C.57 QLIT_ 7,97 4.40

992.99 LIWA q.28 .00

9g7,70 5ANTIAGC 19,34 .00

1071,33 ST, JOHNS 6.47 63.29

1073.82 RC5_aN I0,36 ,00

1076,12 FT, MyFRS 10,34 ,00

I083,88 qLfTn R.84 .00

1087,42 LI_A 7.51 .00

117C.24 RCS_AN 5,06 75.31

1256.13 CCLLFGF 7.69 80.83

1313.24 JCNA_IN_SPtJP6 9.41 49.42

1335,44 _INKFIFL D Q.55 12.79

134_°83 CCLL_GE 10,22 5.8_

1408,56 JCNA_INFS_UP6 R.07 48.51

1427,79 _INK_I_L_ lq°30 11.15

I_43,96 CCI LFGE _,92 5.87

}_75°16 CR_CWAI 6.RI 21.28

1524,74 _INK_IELR 5,32 42.78

1525,41 ST. JONNS 6,22 °00

1538°07 CCLLEGF 7,_3 6.45

1565°98 CRUCIAL IQ°24 20.07

I A_T ASC,N_DE

_.00

-20,65

-4_.31

-67,06

-91,62

-II_.27

-13R°93

-162,58

.186,23

-20_,89

-233,54

-257,20

-280,85

-30_,50

-32_°I&

-351.81

-375.47
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TABLE HI. - VHF TELEMETRY COVERAGE
PROFILES - Continued

EAST LCN61TUDC,ASC. KCC_ (TIME=n} = 4.00 DE6

TIRE, $TaTIC_ tc_NIITFS MTNUTFS SINCE

_'IN. I_' 51CHT I_AST CONTACT

8.53 _INKFIFL_ IQ.05

24.62 CCIL_GF 9.66 6.04

54.65 ORqCnAL 8.13 20.37

I05.03 ST. JOWN_ 7.64 42.05

I18.70 CCILFGF 7.35 6.03

146.72 C_COAL 9,80 20,67

196.78 5I, JO_N_ I_,35 40,26

212.12 CCLLFGC 4,q2 4.99

27C.39 5ANTIAGC g.27 53.35

277,28 LI_A m,?? .00

279,86 CCITt R,46 ,00

286,65 FT, UyFR_ q,46 .00

288.78 RC:_AN n,_ 0 .00
293.72 ST. JONN_ _,23 .00

303.73 CCLLC6F _,4_ 4.77

365.47 S_NTIAGC _,_2 56.29
371,31 LI_A R,73 .00

381,18 FI, _YFR_ R,06 1.14

383,48 RCSMAN _.14 .00

394°49 CCLL_GE _,09 2.87

486°25 CCLLEGE 10,04 83.66

527,41 JCNANN_SPuP6 4°60 31,12

579,79 CCLLF6_ 10,13 47.78

617,21 JC_ANNFSmuP6 10,29 27.28

675°79 CCLL_G_ 7°25 48.29

691,93 WlNK_ICL_ Q,12 8.89

785.53 _INKCIFL_ 10,31 85.48

837.34 CR_OPAL g.51 41.4Q
88C,R5 WI_KPIFL_ 6,58 34.00

882.89 Sl, JCPN_ _.40 .00

908.35 SA_TIAGC 4,46 19°07
932,57 C_CDAL _,69 19°76
975,82 ST° JO_NS I_,37 34.56

ggc.84 CLITO 7.51 4.65

993.18 LIUA 9,02 ,00

997.75 SANT_A_C I0,_7 °00

1071.22 5I, JCWN_ 6°84 63,Ii

1073.85 RCSVAN 10,_2 .00

I076,13 F_. MyFR_ 10,37 °00

1083,77 QLITn q,14 .00

I087,23 LI_A 7.96 .00

I169,97 RC_MaN 5,72 74.7_

1256,20 CCLL_GE 7,48 80.51
1313.33 JC_ANNES_tjP6 Q,18 49.65

1335,63 _IYKFIELO _,_4 13.12

1349,85 CCLLEGE lq,19 5.88
1408.41 JC_ANN_S_UP6 _,42 48.37

1427,81 WI_*KFICLt I_,33 I0.98
1443.98 CCLLEG_ g,97 5.84

1475,52 C_c_[ 6,33 2]°57

1524.46 _INK_IFL_ S,_4 42.61

1525.72 ST, JONN_ 5,RO .00
1538.10 CCLL_GF 7,94 6.58

1566o01 CRUCIAL I_,_0 19o96

I.A_T A_C,N_DE

C,LONG.,DEG,

4,00

-19,65

-4_,31

-66,96

-90,62

-I14,27

-137,q3

-_6_,58

-18_,23

-20Q,89

-232,54

-25&,20

-279,85

-30_.50

-327,1b

-350,81

-_74,47
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TABLE HI. - VHF TELEMETRY COVERAGE
PROFILES - Continued

EAST LCNEITI;D_.AS(. KCCr (TIME=O) = 5.00 DEG

TINE. STATICN WtNtlTES MINuTF5 SINCE

PIN. I_' SIGHT LAsT (oNTACT

8.52 #INKFIFLO In.lB

24.64 COLLEGE _.72 5.99

54.91 OR,teAL 8.03 20.55

105.27 ST. JOHNS 7.34 42.33

118.73 CCLLFGE 7.47 6.11

146.70 ORQO_AL 9.94 20.51

196.81 ST. JOHNS 10.37 40.17

212.20 CCLLFGF 4.98 5.02

270.46 SANTIAGO q.04 53.29

277.49 LI_A 7.86 .00

28C.09 QLITO 8on7 .00

286.81 FT. _YFRS 9.25 .00

288,91 RCSPAN 9,65 .00

293.42 ST. JOHNS 5.NO .00

303.89 CCLLEGF 5.35 4.66

365.36 5ANTIAGC g.O? 56.11

371.19 LI_A 9.03 .00

381.02 FT. MYFR$ 8.42 .80

383.33 RCS_aN _,46 .00

394.64 CCLLFGE 7.98 2.85

486.33 CCLLFGF Q.Q9 83.71

528.06 JCHANN¢S_hPG 3655 31.73

579.80 CCLLFGF 10.18 48.19

617.24 JCHANNFS_uPG I0,_4 27.26

675.66 CCLLEGF 7.47 48.08

692,03 _IK!K_I_LP 7.85 8.90

785.54 _INK_IELt 10.34 8_o66

837.39 ORQCDAt 9._2 41.51

88C.77 _IWKFI_L _ 6,90 34.06

883.09 ST. JOHNS 5.90 .00

908,98 5ANTIAGC 3.48 19.98

932,46 ORPCRAI 8.94 20.01

975.84 ST. JOWN_ i0,_7 34,43

991.15 CLITO 6.Q8 4.95

993,39 LI_A 8,72 ,00

997.8I SANTIAGO 10.97 .00

1071.12 ST. JOwN5 7.]8 62.94

1073.88 _C_MaN Ie.28 .00

1076.14 FT. MYERS i0._7 .00

I083.67 _LIT_ 9.40 o00

1087.06 LI_A 8._6 .00

}16_.75 RCSPAN 6.28 74.32

1256,27 CCI L_GE 7.26 80.24

1313.43 JCHANN_SBuP6 8.92 49.90

1335,83 _I_K_I_L_ 8,13 13.48

1349.R8 CCLLF6F ]0,14 5.92

1408.27 JCHANNFSeU_6 8.73 48.25

1427,83 WINK_I_Lt 10.35 I0,83

1444.C0 CCLLFGE In.o3 5.81

1475,92 CR_CPA[ 5.79 21.90

1524.22 _INKFIELt 6,_0 42.51

1526.C7 ST, JOHNS 5.33 .00

1538.13 ECLLFG F 8.05 6.73

1566,05 ORPODAI_ i0,34 19.87

LAST ASC.NODE

F.LONG.,DEG.

5.00

-18.65

-42.31

-65.96

-8_.62

-11_.27

-136,93

-160,58

-184.23

-207.89

-23|.54

-255.20

-278,85

-302.50

-326,16

-_49,81

-37_.47
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TABLE H1. - VHF TELEMETRY COVERAGE
PROFILES- Continued

EAST LCNGITUD_.,ASC. IxCC_" (TIdE=n) = 6.00 DEG

TIM.E, KTATTCN _TNI!TES MTNuTF5 SINCE LAST ASC,NODE

b'I_, i_' SI6HT LAST CONTACT _.IONG,,DEG,

8,52 WINK_I_Lt In,19 6.00

24,66 CCLLFGE q.79 5.95

55,20 ORQCOAL _,_9 20.75

106.27 Wlh'K_IEL_ 3,_5 43.39 -17,65

105.53 ST, JC_N_ 7,02 .00

118,75 cCLLE6E 7,58 6.21

146,69 CR_OmAL 10,05 20.36
196,84 SI, JO_N_ 10,37 40.10 -41,31

212.27 CCLL_6F %05 5.06
27C.55 SA_TIAGC _,77 53.23

277,73 LI_A 7,38 .00

280.35 CLITO 7,62 .00 -64,_6

286.99 FT, _YER S 9,00 .00

289.06 RCSMAN _o48 .00

293.16 ST, JONN_ 6,_0 ,00

304.05 CCtLEGE 5.26 4.59

365.26 SANTTA6C Q,29 55.95

371,08 LI_A Q,30 .00

38C.87 FT, _YFR5 8.74 .50 -8R,62

383,19 RC_PaN R,75 .00

394.7g CCLLFGE 7._7 2.85

486,43 CCLLE6E g,g4 83,76 -I12,27

579.80 CCLL_G_ I0,22 83.44 -135,93

617.28 JCNANNrSBUP6 |0,]6 27.26

675.54 CCLL_GE 7.68 47.89 -15q,58
692,15 _I_K_IFL_ 7,55 8.93

785,55 _INK_IEL_ 1n.36 85.86 -I83,23

837.46 CR_CmAL 9,09 41.55

88C.69 _INKFIFL_ 7.1g 34.14 -206,R9

883.33 5T, JO_N_ _,34 .00

g32,37 ORPCPAI 9,17 43.70

975.86 ST, JONNS I_,36 34.32 -230,54

ggl,51 CLTTC 6.36 5.30
gg3,63 LI_A R,38 .00

g97,88 5ANTTAGC 10,36 .00

1071.03 Sl, JOWN_ 7,49 62.79 -254,20
1073.92 RC_MAN In.21 .00

1076016 FT, _y_S I_0_6 .00

1083,59 CLIT_ q,62 .00

1086.92 LI_A _,71 .00

I094,96 5ANTIAFC _,43 .00

1169.55 RCSPAN 6.78 71.12 -p77,85

1256,34 CCI..L_GE V,03 80.01 -30],50

1313,55 JCNANN_S_UP6 _,62 50.18

1336.03 WlNK_IFL_ 7,90 13.87 -32_,16

13_g.gl (CLL_G_ l_._g 5.g7

1408,15 JCNANNESBuP6 q,O0 48.15

1427,86 WI_K_IFLt Ie.37 In. V1 -348,81

1444.02 CCLL_G_ I0,07 5.79

1476,37 ORVCPAL 5,16 22,28

1524,00 _INKFIELD 6,71 42,47 -372,47

1526.44 ST, JONN_ 4,80 .00

1538.15 CCLL_GE R,16 6.91

1566,10 CRWCDAL i0,_6 1g,78
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TABLE HI. - VHF TELEMETRY COVERAGE
PROFILES - Continued

EAST LCNEITUDr,ASC. NCCF (TIPE=O) : 7.00 DEG

TI_E, STATION WINI!TES MINt/TF5 SINCE lAST AqC,NODE

PIh. I n' 5I_NT LAST coNTACT F.IONG.,DEG.

R.52 WINKFIFL_ 10,25 7.00

24.68 CCLLEGE q._5 5.91

55.50 CRUCIAL 7,31 20.97

105.87 WINK_IELD 4,59 43.06 -I_,65

I05,80 ST, JO_N5 6,67 .00

118o78 CCLLFGF 7.70 6.31

146.70 OR_CmAL 10,15 20.22

196.89 ST, JO_N5 10,37 40.04 -40,31

212.35 CCI LFGF 5,13 5.09

27C,65 5ANTTAGC q,48 53.18

278,01 LIrA 6.83 .00

280.64 eLITe 7,11 .00 .63.96

287.19 FT. eYFR_ _,73 .00

289.22 RCS_AN 9,29 .00

292.92 ST. JO_N _ 6,75 .00

304,21 CCLL_GF _,18 4.54

365,17 5ANTIA_C 9.48 55.78

37C._8 LIPA 9.53 .00

38C,75 FT, _YERS 9,02 .23 -87.62

383,08 RC_MAN 9.00 .00

394,95 CCI_LFGF 7.76 2.87

486.52 CCLL_G_ 9.88 83.8] -111,27

579,81 CCLLE6 _ IN,25 83.41 -I_4,93

617.34 JcHANNES_uR6 IN,97 27.27

675._3 CCLLEGF 7,87 47.72 -159.58

692,28 _INKFIEL_ 7,22 8.97

785.56 _INK_I_LC lq, 37 86.07 -182,23

837,54 OR_O@AL 8,94 41.61

88C,62 _INKFIFL_ 7,47 34o24 -205,89

883,61 ST, JO_N_ 4,68 .00

932.28 ORRCWAL 9,_7 43.99

975.88 ST. JO_NS Iq.93 34.23 -229,54

991,93 GLITO 5,61 5.72

993,89 LIUA 7,99 .00

997,96 5_NTIAGC 10,34 .00

1070.95 ST, JO_N5 7,77 _2.65 -253,20

I073,96 RCSMAN i0.13 .00

1076,[9 F_. PYERS 10,32 .00

i083.53 eLITe _,81 .00

1086,80 LI_A 9,02 .00

I0g4,44 5ANTIA_C 4,55 .00

_16_,39 RC_M AN 7,22 70.40 -276,85

1173.31 FT. _YER{ _,76 .00

1256,42 COLLEGE 6,78 79.35 -30_- 50

1313,68 JCPANNES_UP6 R.28 50.48

1336,25 WI_K_I_L _ 7,66 14.29 -924,16

1349°93 CCLLEGE i_,04 6°03

1408.04 JCHANNESSUP6 9,25 48.07

1427,90 _INK_IPLD Ie,37 10.61 -347,BI

1444,C3 CCLLFGE i0,12 5.76

[476.88 O_eODAL 4.40 22,73

1523.80 WINKFIELt 7,08 _2.51 ._71,47

1526.86 5T. JOPN_ 4.18 .00

1538.18 CCLL_GE 8.27 7.13

_566.[6 O_ODAL I0,_7 19,71
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TABLE H1. - VHF TELEMETRY COVERAGE
PROFILES - Continued

E_ST LCNCITCDr,_SC, NCCr (TI_E=n) = 8,00 DEG

TIWE, STATIC N WTNUTES MINUTF5 SINCE LAST ASC,NODE

FIK. I_ SIGHT LAST CONTACT E,IONG,,DEG,

B,53 _INKFIFL_ 10,29 _,00

24.?0 CCLL_GE q,ql 5.8P

55,83 CRQCOAL 6,89 21.23

105.54 _INKPlFLD 5.21 42.81 -15,b5
I06.09 ST, JO_NS 6,30 .00

I18,8! CCLLFGE 7.RI 6.42

146,71 GR_ORAL in,23 20o10

196,94 ST, JOFNS 10,35 40.00 -30,31

212.41 CCLLPGF 5,21 5.12

270.77 SA_TYA_C 9.14 53,15

278,34 LI_A _.]8 .00

280,98 QLIT_ h,_l .00 -62,96

287.40 FT, _'YPRS R,43 .00

289.39 RC_MAN q,C8 .00

292.72 57. JONN_ 7.14 ,00

304.36 CCLLFGF 5,10 4.50
365,Cq SANTt_C q,66 55.63

37C.g1 LI_A 9,73 .00

38C.64 FT. _Y?RS 0.27 .01 -86,62

382,98 RC_AN g,_3 .00
395.10 CCI_LEGF 7,65 2.90

486.62 CCLLE6E q,82 83.87 -II0,27

579,83 CCt.LFGF 10,28 83,3q -133,q3

617,40 JCFA_JN_S_|JP6 i0,36 27,2q

675,32 CCLLFGE R,06 47,56 -157.58

692.41 wINKFIEL_ 6.86 9.03

785,58 WINKPI_L_ I0,_? 86,30 -181,23

837,63 CR_COAL R.56 41.68

88C,56 WlNKFIFL_ 7,73 34.37 -204,89

883,g6 ST, JON_S 3,_8 .00

932,20 OPRCPAL g,56 44,36

g75,go ST, JOPNS IQ,30 34o15 -22R,54

g92,43 CLTTn 4.69 6,23

gg4,19 LI_A 1.54 .00

999,05 SANTIA6C 10,29 .00

I07C,88 ST, .IOPN_ P,04 62,53 -252,20
1074.02 RC_PAN IQ,02 .00

1076,23 FT. _'YFRS 10.26 .00

1083.49 QLITO 9,07 .00

1086.70 LI_A q,29 .00

1094.05 5ANTtAGC _.]? .00

1169,24 _C5_N 1,61 69.82 -27_,85

1172,86 FT, _YER_ 4,77 ,00

1256,51 CCLLEGF 6,51 78,88 -2gq,50

1313,83 JCNANNFSBtJP6 ?,R9 50.81

1336,48 WlNKPIFL_ 7_9 14.75 -_23,16

1349,96 CCLLPGF 9,g8 6,09

1407,94 JCNANN_SPDPC q,47 48.00

1427,94 WINKPIEL _ i0,_7 10.53 -34_,RI

1444.C5 CCLLFGF 10.16 5.74

1477.50 OR_C_AL ),45 23.29

1523,62 _INKPIFLD 7,42 42.66 -370,47

1527,35 ST. JO_N_ 3.45 .00

1538.20 CCLLPGF _,_7 7.41

1566.23 CR_C_A[ i0,_7 19,65
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TABLE HI. - VHF TELEMETRY COVERAGE
PROFILES - Continued

EAST LCN6ITtJDF,ASC. I_CBr (TIFE=O) = 9,00 DE6

TINE, STATTCN WINtJTE5 MINIJTF5 SINCE I A_T A%C,NODE

FIN. IN SIC H? LAsT ¢oNTACT E,LONG,,DEG,

8.54 mINKFIELD I0,33 q,O0

24,?2 CCLLEGE q,g6 5.85

56.19 ORRC_AL 6.42 21.51

105.25 WINKFIFL_ 5.75 42.64 -14,65

106,40 ST. JO_NS 5.88 ,00

118,84 CCtLFGE 7,92 6.55

146,74 ORROPAL 10.29 19.98

197.00 ST, JO_NS 10.32 39.97 -3R,31

212,48 CCLLEGE 5,29 5.16

270.g0 5ANTIAGC 7,77 53.13

2?8,?2 LI_A 5,40 .05

281,37 QLIT_ 5,79 ,00 -61,96

287,64 FT, _YERS 8,09 .48

289,58 RCS_AN g,84 .00

292,53 ST. JO_N$ 7.50 ,00

304,52 CCLLFGE 5,03 4.49

365,02 SANTIAGC 9,81 55.48

37C,84 LI_A 9,90 .00

38C,55 FT, _yFR_ 9,49 .00 -8_,62

382,89 RCS_AN g,44 .00

395,26 CCLLEGE 7,53 2.93

486,72 CCLLEGE 9,76 83.92 .I09,27

579,84 CCLL_GE 10,31 83.37 -132,93

617,48 JC_ANN_S_U_6 10,33 27.33

6?5,23 CCLL_GE B,23 47.41 -156,58

692,5? WINKFIEL_ 6.46 9.11

785,60 _INK_IFL_ IN,_6 86.56 -180,23

837,74 OR_CRAL 8,25 41.78

880,51 WI_KFIFL_ 7,q7 34,52 --_0_,89

932,12 ORRORAL 9,72 43,65

975.93 ST, JONNS 10.25 34.09 -227.54

993,10 QLITO 9.45 6.92

994,51 LINA 7.Q4 .00

998,16 5ANTIA6C I0,23 ,00

I07C,81 ST. JONNS 8,29 62.42 -251,20

I074,08 RCSMAN 9,90 .O0

1076,28 FT, _4YFR5 10.19 .00

1083,46 QLIT_ 10,I0 .00

1086,63 LI_A 9,52 .00

I093,73 5ANTIAGC 6,05 .00

I169,12 RCSMAN 7,97 69,34 -27&, 85

1172,52 FT. _AYER5 5,56 ,00

1256.60 CCLLFG_ 6,23 78.53 -298,50

1314,01 JCNANNES_u RG 7,46 51.18

1336,72 WINKFIELD 7,12 15,25 -322,16

1349,99 CCLLEG_ 9,91 6,16

1407,86 JCHANN_S_UR6 9,66 47.96

1428,00 _INKFIFLC i0,35 10.48 -34_.81 '

1444,07 (CLLEGF I0,20 5.72

1523,46 WI_K_IEL_ 7,73 69,19 -369,_7

1538,22 CCLLEGE 8.48 7.0_

_566,31 ORWCRAL 10,34 |9,61
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TABLE HI. - VHF TELEMETRY COVERAGE
PROFILES - Continued

EAST LCNGIT_C_,ASC. N_D _ (TIPF=n) = lO.O0 DEG

TIWE, STATICN WINUTES MTNLITFS SINCE LAST ASC,NODE

WIN. I' _ICHT LAST (oNTACT _,IONG,,DEG,

@,57 _INKFIEL_ 10,35 I0,00

24,73 CCI.LFGF L0.02 5,82

56,59 CR_CPAL 5.R9 21.84

IC5,00 _INKFIELD 6,22 42,52 -13.65
106,74 ST. dO_N_ 5,42 .00

I18,_6 CCLLFGE n,03 6.70

146,78 C_COAL 10.33 Ig.88

I97,C7 ST. JO_NS 10,29 39.96 -37,31

212.54 CCl LFGF _.3R 5.19

271,06 5_NTTA_C _.35 53.13

279.21 LI_A 4,42 ,81

281.85 _LITO 4.92 .00 -60,98

287.g0 FT, _YFR_ 7.70 1.1_

289,78 RC_AN q,58 .00

292,36 ST, JOHNS 7,_3 .00

304.67 CCLLFGE 4.96 4.4B
364.96 5ANTIA_C Q,g5 55.33
37C,79 LIMA in,04 .00

380,48 FT, _*YFRS 9,6A .00 -R4,&2

382,82 RCSV_N Q,62 .00

395,42 CCLL_6_ 7.42 2.99

488,82 CCLL_GE 9,69 83.9R -I0_,27

579,87 CCLLECE in,33 83.36 -131,g3

617,58 JCHANNPSBUPG I0°28 27.38

875,14 CCLLFGF R,40 47.28 -155,58

692,75 WINKFIFL_ 6,02 9.21

714,32 JC_ANNES_uD_ 3,98 15.55

785,82 _INKFIPL_ I0°_5 67.32 -179.23

837.R6 ORPCmAL 7.90 41.89

88C,46 WINKFIFL_ R,19 34.70 -202,89

932,06 OR_CRAL g. B6 43,40

975°96 ST, JOPNS 10o19 34.04 -226.5#

994.88 LI_A 6,45 8.72

998,28 SANTIAOC I0,15 .00

I07C.75 ST. JOWN$ a,51 62.32 -250.20

1074.14 RCSWAN g,76 .00

1076°34 FT. MYFR$ Ln,O9 .00

1083,44 CLITO IO.PI .00

I086,56 LIPA g.72 .00

I093,47 SANTTA_C 6.62 .00

I169.00 RC_WAN fl,29 68.91 -773,85
1172,24 FT, MyFR$ 6,21 .00

1256,71 CCLLFGF _.93 78.25 -297,50

1314,22 JCP_NNESBU_G _,q6 51.58
1336,97 WI_KFIEL_ 6,_2 15._0 -321,16

135C.C2 CCLL_GE q.84 6.24
1407,79 JCHA_'N¢S_U_ 9,@3 47.92

1428.06 _INK_IEL_ I0°33 10.44 -344.8_

1444,C9 CC[L_ 10.23 5.71

1523,31 mINKmIEL_ _,01 68.99 -36R,47

1538,25 CCLL_GE _o58 6.93

1566,40 OR_CRAL 10._0 19.57
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TABLE H1. - VHF TELEMETRY COVERAGE
PROFILES - Continued

EAST LCNEITtJDF.ASC. kCCE (TIWE=O) = II.00 DEG

TIWE. STATICN WTNI;TES _4!NuTF5 SINCE LAST ASC.NODE

Mlh. I _' SI6HT LAST CONTACT F.IO_!G.,DEG.

8.60 _INKrIFL_ I_._7 II.00

24.75 CCLLFGF I0.07 5.79

57.03 ORQCPAL _.28 22.21

IC4.78 WINKPIFL_ 6.64 42.47 -12.fl5

107.11 ST. jO_N5 4.90 .00

118.89 CCLLFGE _.14 6.88

146,83 G_CDAt_ i0,_6 19,80

197.15 ST. ,]OFN5 I0.2_ 39.96 -36.31

212.60 CCLL_GF 5.48 5.22

271,24 S_TIAGC A,R7 53.15

279,90 LI_A _,05 1,79

282,46 QLITe _°76 ,00 -5_,96

288,18 FT, r_Y_R_ 7,27 i,96

289.99 RCSMAN R.29 .00

292.21 ST. JO_N_ R.12 .O0

30A,82 CCLLE6F 4,_9 4,48

364,91 SANTTA6C i0,¢6 55,19

37C,75 LIWA 10,16 ,00

380,42 FT, _YFRS 9084 ,00 -83062

882,76 RCSNAN q,78 .00

395°58 CCLLFGE 7,30 3.05

486,93 CCLL_GE 0,62 84.05 .I07,27

579,89 CCLL_6_ in,_5 83,34 -_3_°93

617,68 JCNA_INESPtJD6 10,21 27.44

675,C5 CCLLFGC _,55 47.16 -154,_8

692,95 _I_!KPIFLt 5,52 9,34

713,84 JC_ANN_SPU_G 4,99 15.37

785,64 _INKFIELt IN._2 66,82 -170,23

837,_9 C_PC°A| 7,51 42,04

88C,41 _I_'KCIELD q,41 94,91 -201,89

932°00 CRQCDAL q,98 _3,18

976,00 ST, JONN5 10,12 84,01 -22_,54

995,30 LIWA 5,76 9,18

_98,40 5ANTIAGC 10,06 .00

i07C,70 5_, JQWN5 8,73 62,24 -249,20

1074,22 RCSNAN q,60 .CO

1076.40 FT. *_YER_ Q.q7 .00

iC83,43 CLIT n i_,29 ,00

1086,52 LI_A q,R9 ,00

I093,24 5A_TTA6C 7°13 ,00

I168,90 RC_WAN R,58 68.54 -272,_5

1172,01 FT. *'yrR_ A.78 .00

1256,82 CCLLPGF _,60 78,04 -296,50

1_14,46 JCFA_'NFSm[;P6 fl,B8 52.04

1937,23 _I_K_I_tt 6,50 16.40 -820,]6

135C°05 CCIL_OE q,77 6,32

1407,72 JCNANNFSmUD6 9°97 47,90

1428,12 _I_)KFI_L_ 10,90 |O,4B ._48,81

1444o11 CCLLrGr 10,26 5,69

1523,18 _lh}KClrLt _,27 6R,81 -_67°47

1538,27 CCI LrGE 9,68 6.82

1566,50 OR_CDAL I0°_5 19.56
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TABLE H1. - VHF TELEMETRY COVERAGE
PROFILES - Continued

EAST LCNEITt;DF,ASC. NC_F (TIME=h) = 12,00 DE6

TIWE, STATICN MINUTES MINUTES SINCE

_IN, IrJ SIGHT LAST CONTACT

B.63 wI_KFIELt 10,37

24.77 (CLLEGE lO,ll 5.77

57,52 CR_ORAL 4,56 22,64

104,57 WINKFIELD 7,01 42.49.

107,52 ST. JO_N_ 4,31 .00

118,91 cCLL_GE R,25 7.08

146,89 OR_OmAL 10,37 19.72

197.23 ST, JOHN5 In,18 39.97

212.66 CCLL_GF _,58 5.26
271,45 SANTIA_C 6,91 53.21

288,50 FT, _yFR5 6,79 10.74

290,23 RCSMAN 7.98 .00

292.C8 ST, JCFNS _.39 .00

304,96 CCLLEGE 4,84 4.49

364,_6 5ANTIA_C 10,16 55.06

37C,72 LI_A 10,25 .00

38C,37 FT, _YFR5 g,g8 .00

382,71 RC_AN Q,g2 .00

395,74 CCLLFGF 7,18 3.12

487,04 CCLLFGE q.55 84.11

579.92 CCLLEGE 10,36 83.34

617.80 JCFANNESBIJPG 10,12 27.51

674,@7 CCLLFGF m.70 47.06

693.18 WINKFIEL_ 4,q5 9.51

713.46 JCHA_IN_SmuPE 5,78 15.33
785,66 _INKFIELC I0,28 66.42

838,15 OR_CPAL 7,06 42,21

88C,37 _INKFIFLD R,61 35.16
931,95 CR_CmAL 10,09 42.97

976,C4 ST. JO_N5 1n,04 34.00
995.80 LI_A 4,q2 9.73

998.54 SANTIAGC n,q4 .00

1070,65 ST, JO_N5 A,92 62.17

1074,30 RCS_AN g.41 .00

1076,48 FT, _YERS 9.82 .00

1083,44 GLITC I0,34 .00

1C86,49 LI_A IO,Ow .00

1093,05 5ANTIAGC 7,56 .00

1168,82 RC_MAN _,_4 68,20

I171,81 FT, MYFR5 7.27 .00

1256,g4 CCELF_E _,24 77.87

1314,75 JCNANNFSBUP6 5,ag 52.56

1337,51 WINKFI_Lt 6,15 17,07

1350,C8 CCLL_GF 9,69 6.42

1407,67 JC_Ab!N_S_UPE 10,09 47.90

1428,19 WINKFIFL_ 10,26 10.44

1444,13 CCLLFGE 10,29 5.6@

1523,06 WINKFIFLt B,50 68,64

1538.29 CCLLEGE _,78 6.73

1566,62 O_O_AI 10,18 19.55

LAST A_C,NODE

F,LONG,,DEG,

12,00

-II,65

, -35,31

-5_,96

-82,62

-I06,27

-12g,93

-153,58

-177,23

-200,89

-224,54

-248,20

-271,85

-29_,50

-31q,16

-342,81

-366,47
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TABLE H1. - VHF TELEMETRY COVERAGE
PROFILES - Continued

EAST LCN_IT_CF,_5C. hCCF (TIMF=n) : 13.00 DE5

TIWE, STATICN WfNIJTES MfNI;TFS SINCE I..AC.T A&C,NODE
WIfx. I_' £1C'HT LAST CQNTACT _.I.OP'IG.,,DEG,

£.68 _INK_IFLR In,_7 ta,O0

24.79 CCLLFGE 10.15 5.74

58.11 CRUCIAL _,65 23.17
104.39 _Ih'K#IFL_ 7,_6 62,62 -10,65

I07.99 ST, jONNS _,60 .00

I18,94 CCLL_GE _,35 7.35

146,95 CRRCeAL IN._7 19.66

197.32 ST, JCNNS IN,If _0.00 -34,31

212,72 (CI_L_GE _,68 5,29
243,85 O#DC_AL 3,95 25,46

271.70 SANTIAGC _.67 24.00

288.85 FT, _yFR5 6.23 Ii,48 -57,96

29C,6B _C_^N 7.63 ,Oh
291,96 SI, JOFNS R,66 ,00

305,10 {CLLEGE 4,79 4,51
364,82 SANTTAOC 10,24 54.92

370.71 LIUA In,_l ,00

38C,34 FT, uYER_ tO,lO ,00 -81,62
3£2.67 RC_AN lO.O_ .00

395.91 (CLLFGE 7.07 3.20

487,15 CCI L_6 _ q,47 £4,1R -10_,27
579.96 (CLLEGE 10,_7 £3,33 -12e,93

617,92 JC_ANN_SRUR6 10,01 27.60

674.90 CCLLFGE _,_4 _6,97 -152j58

693,47 _Ih!KFIFLP _.27 9.72

113.16 JC_A_'N_S_L_C A,_ 15,42

785,69 WI_K_IEL_ I_,23 66.10 -]76,23

838,34 CR_C#AI_ 6,56 42.42
88C.34 wIA'KFIELD R,79 35,44 -199,89

931,90 CRPC_AL 1_,18 42.77
976,08 ST, JO_NS q,q6 34,00 -22_,5_

996.43 LIUA 3,R2 10.41
998.69 SANTTA_C 9.81 .00

107C.61 ST, JOPN_ q.ll 62.11 -267,20

1074,_0 _CS_AN q.20 .00

1076.56 FT. _YFR_ 9.65 ,00

1083.46 _LI]O IN,17 ,00

i086,47 LI_A I0.15 .00

1092.89 SANTIAGC 7,95 .00

1168,74 RCS_AN 9,0£ 67.90 -270,£5

1171,63 F_, _Y_RS _.70 ,00
1257,08 CCLLF6F _._5 77.75 -29=,50

1315.11 JC_A_NFSPtJP6 4.87 53.17

1337.81 _INK_IFL_ 5,77 17.83 -318,16
135C,12 CCLL_GF 9.60 6,5_

1407.62 JCNANN_5_UP6 10.19 47,90

1428,27 WI_KFIFLO In.20 I0.46 -_41,81

1444,15 CCLL_G_ io,31 5.67

1522,95 _IKK_ICL _ R,72 68,49 -_65.67

1538.31 CCLLCG_ R,Q7 6.64
1566,76 ORRCPAI. I0,¢9 19,56
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TABLE HI. - VHF TELEMETRY COVERAGE
PROFILES - Continued

EAST LCNCITUD_,_5C. NCCc (TIMF=O) : ]4.00 DE6

TIME, STATTCN WTNI!TES MTNI;TF5 SINCE IA_T ASC,NODE

PIN. I _ _ICHT LAsT CC_TACT _,t.ONG,,DEG,

B.73 WINKFIFL_ I0.16 14.00

24,BI CCLLE6E lP,19 5.73

104,23 _INK¢IEL_ 7.67 69.23 -9,65

118o96 CCLL_G_ _,46 7.06

147,03 C_PCPAt 10o35 19.62

197,42 ST, JO_N_ IQ,O2 40.04 -33,31

212.77 CCLLEOE 5°7B 5.33

243._9 CRPCoA[. 4°_0 24.84

272.03 SANTTAGC 4.qO 23.82

289.26 FT, "YrR_ _,_8 ]2.34 -S&.g6

290,76 RCSMAN 7,24 .00

291.85 5T, JOPN_ R,86 .Oh

305,24 CCLLF6E 4,75 4.53

364,78 5ANTTA_C 10,_0 54°7o

37C,71 LIUA 10.35 .00

380,32 FT, _YFR_ i0,20 .00 -80,62

382,65 RCS_AN in,14 .00

396.07 CCLLFGF _,95 3.29

487°27 CCLL_GF 9,_9 84.25 -I04,27

579.99 CCLLCGE Im,37 R3.33 -127,93

618,07 JcPA_'N_SBI;PG 0,87 27.70

674,83 CCLLFGE R,g7 46.89 -151,58

693,83 _INKFIEL_ 3,43 10.02

71.2.91 JCNA_'N_$muPc _.00 15.65

785,72 _I_KFIEL_ IP.17 65.82 -17_,23

838,56 OR_CPAL 5,97 42.66

88C,30 WINKFIEL_ _,_7 35.77 -19_,89

931.86 C_CP_L 10.25 42.59

976,13 ST. JC_N_ g._3 34.02 -222,54

998°86 SA_'TIA_C 0,_6 ]2.90

107C,57 ST, JO_N _ q,27 62.06 -246,20

1074,50 RC_MAN R,q6 ._0

I076,66 FT. _YrR_ 9.46 .CO

1083.50 QLITe I_,_7 .GO

I086,47 LIWA in,24 .00

1092°74 5ANTIA_C _,_0 .00

1168,67 _C_MAN g,29 67,62 -26g,85

I171,48 FT, _'YFR5 _,09 ,00

1257,24 CCLLF6E _,42 77,67 -29_,50

1315059 JCHANNFS_uP6 3079 53.92

1338,13 _I_KFIVL" _,_6 18.75 -317,16

1350,15 CCI. L_Gr 9,51 6.67

1407,58 JC_ANNrS_t]P6 I_,26 47,93

142_,36 _INKFTFLt IP,14 I0.51 -340,_I

1444°17 CCI_L_6[ [0,_3 5.66

1522,85 _IK'KrlrLD R,g2 68,35 -364,_7

1538o33 CCLLr6 _ _,q7 6.55

1566,88 C_POOAL q,q9 I9.58
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TABLE HI. - VHF TELEMETRY COVERAGE
PROFILES - Continued

EAST LCN6ITI;BF4_SC- NCCF (TIfF=O) = 15,00 DEG

TIWE, _T^TICN WtNIITF5 MINuTFS SINCE I A_T ASC.NODE

FIN, I_ _I_NT LAST CONTACT _,IONG,,DEG,

8.7g _I_KFI_L_ 10,_3 IS.O0

24,83 CCIL_6E 10.23 5.71

iC4,08 aINKrIFLt 7,g6 69.02 .R,65

I18,g8 CCLLF6_ P,56 6,g5

147o12 C_PCPAI 1e,31 19,58

197,53 ST, .JCFN5 q,_3 40.09 -32,_i

212,82 CCLLFGF _,A9 5.36

243,04 C_PCPA[ _,56 24.33

272,44 SANTTAGC _,_2 23,84

28_°72 FT, _YFR_ 4,_0 13,37 -5_,96

291,06 RC_AN 6._0 .00

291,75 ST, JOPN_ q,07 .00

305,38 CCLLFGF 4,71 4.56

364.76 S_TIACC 10.34 54.67

37C.71 LI_A i0°_7 .00

38C,32 FT, _YFR_ 10,27 ,00 -7o,62

382,64 RCmNAN IO,P2 .00

3_6.24 CCIL_GF _,_3 3.38

487,39 CCLLF6E n,_l 84.32 -I03,27

58C.C4 CCLL_6F i_.97 83.33 -126.q3

618,22 JC_A_NrSBu_G 9,72 27.82

674,77 CCLLF_F Q.]O 46.83 -150,58

712,70 JC_ANNFSPU_ '7.4_ 28.83

785,76 _I_!K_I_L_ ]0,11 65,58 .174,23

838,83 _oCQAL _,29 42.97

880,27 _INKrI_LR e.13 36.15 .197,89

931,83 CRRCDAI Ie,31 42._3

976,18 ST, JO_N_ 9,70 34,05 -221,5_

999,03 SAKTIAFC q,49 13,14

I07C.54 ST, JOFN_ _,43 62,02 .24_,20

1074,62 RCSNAN A,70 ,00

I076,77 FT, _Y_R_ q,24 .00

1083,55 _LIT m IP.?5 .00

1086,48 LI_A IO,?l ,00

1092,62 5_K!TtAGC P,61 ,00

_168,61 RCSpAN q.48 67.38 -26_.85

1171,35 FT, _Y_RS _,43 ,00

1257,43 CCLLF6F _,_3 77,65 -292,50

1338,47 _INK_I_LP 4,_0 77,11 -316,16

135C,19 CCLLFGr _,41 6._2

1407,56 JC_A_N_S_U_C le._2 _7,q6

1428,45 _INK_IFL _ 10,08 10,58 -33o,RI

1444,19 CCLLF6_ le._5 5,66

1522,77 wINK_I_L_ q.]l 68,23 -363,47

1538.35 CCI.L_6 _ Q,C6 6,48

1567.C2 CR_C hAL- 0,87 19.61
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TABLE HI. - VHF TELEMETRY COVERAGE
PROFILES - Continued

EAST LCN6ITUDF,AS(. N_CF (TIPF=O) = 16.00 DEG

TIFE, ST_TICN _TNUTE5 MTNtjTE5 51NCE

_I_, IN 516HT LAsT CONTACT

8.85 _INKFIFLr I0.30

24.85 CCLL_GE 10.26 5.69

I03.94 WlNKFIELD 8.22 68.84

119.00 CCLLEGE 8.66 6.84

147.22 CRUCIAL ie.26 19.56

197,64 ST. JOPNS q. P3 40,16

212.87 CCLLEGE 6.CO 5.40

242.74 OR_OPAL 6.19 23.87

29C.30 FT. _'YER_ 3.82 41.37

291.39 RCSM_N 6.92 .00

291.67 ST. JOPNS 9.25 .00

305,5] CCLLEGF 4.68 4.59

364.73 5_NTIAGC 10.36 54,54

37C.73 LIPA 10._7 .00

380.32 FT. uYFRS 10.92 .00

382.64 RCSPAN 10.28 .00

396,40 CCLLFGE 6,72 3.49

487,51 CCLLEGE 9,23 84,39

58C.C8 CCLLEGE 10.37 83.34

618.39 JCPANNFSSUP_ 9.54 27.95

674,71 CCLLFGE g,22 46.78

712,51 JCHANNFSeU_6 7,91 28.58

785,80 WINKFIEL_ 10.03 65.37

839.18 CR_C_At 4.45 43,35

88C,25 WINKFI_L_ 9.28 36.62

931.80 CR_C°AL 10,35 42.28

976.24 ST, JOHN5 9,56 34.09

999.22 5ANTTAGC 9,30 ]3.42

I07C,51 5T, JO_N5 q,57 61.99

1074.75 RCSM6N P,40 ,00

I076,89 FT, MYFR$ 8,98 .00

I083,60 QLTTO i0,30 .00

1086,50 LI_A i0,95 .00

1092,52 5ANTIACC 8,89 ,00

1168,56 RCSMAN 9.65 67.15

1171,24 FT, _YFR$ R,73 .00

1257,66 CCLLEGE 3,36 77.68

1338,84 wINK_IELt 4,39 77,83

135C,22 CCLLE_E 9.30 6.99

1407,54 JCHANNESStJP6 i0._6 48.01

1428,55 WINK_I_L_ i0,00 10.66

1444.21 CCLL_GF 10,36 5.66

1522,69 WINKFIFLt 9,28 68.12

1538,37 CCLLEGE 9,15 6.40

1567,18 O_C_t 9,73 19o66

LAST ASC.NODE

F.LONG.,DE6.

16.00

-7,65

-31.31

-5_,96

-78,62

.I02.27

-125,93

-148,58

-173,23

-t96,R9

-220,54

-244,20

-267,85

-291,50

-31_.16

-338,81

-362,47
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TABLE HI. - VHF TELEMETRY COVERAGE
PROFILES - Continued

EAST LCNCIT_DF,ASC, KCCF (TIMF=O) = 17,00 DEG

TIWE, 5TATICN _ INLJT_S NINL:TF5 SINCE

_IN, IT" SIGHT LAST CONTACT

.8,92 WlNK_IFL_ 10,26

24,87 CCLLFGF I_,29 5.68

I03,82 WINKFIFLD eo46 68,67

Iiq,03 CCLLFGE 8.76 6,74

147°34 OR_CPAL 10,19 19,55

197,76 ST, JOHN_ g°71 40,24

212,92 CCLLEGF 6,11 5.44

242,49 CRUCiAl 6.73 23°47

291,76 _c5_AN 5°76 42°53

291,60 5T° JOHNS 9,42 ,00

305,64 CCLLFGE 4,66 4.62

364°72 SANTTA_C 10,37 54.42

37C,76 LIMA I_,33 ,00

380,34 FT° uYFR5 I0,36 .00

382.65 RCS_AN 1C°33 .CO

396.57 CCtLEGF 6.60 3.60

462°67 5ANTTA_C _°_6 59.50

487,63 CCLLEGE g,15 21_90

58C,13 CCLL_GE 10,36 83.35

618,58 JC_ANN_SPtJP6 9,34 28.09

674°66 CCLLFGE 9,_3 46.75

712.36 JC_ANNFS_U p6 8,28 28.37

772°54 CCLLEqE 3,59 51.90

785.84 _INK_I_Lt 9.94 q°71

839,65 CR_CDAL _°_4 43.B8

88C,22 _INKFIFLE 9,42 37°24

931,78 CR#CeAL 10,37 42.14

976°BI ST. JOWNS q°41 34.16

999.43 5ANTIAGC g°08 13.71

I07C.49 ST° jONN_ 9,70 61.98

I074°89 RCSMAN R°07 °00

1077°09 FT, _Y_R5 fl°69 .00

I083,68 QLITC I0.23 .00

1086,54 LIMb 10.97 .CO

I092,44 5ANTTAGC 9,13 .00

I168°52 RCSMAN 9°80 66.95

I171°14 FT, _YFR5 q°Ol °00

1339.25 WINKFI_LO _,qO 159.11

1350,26 CCLLFGE 9,19 7,21

1407,52 JCNA_!NFSeUP6 I0,37 48,07

1428°66 _INKFIEL_ g,91 10,76

1444.23 CCLLEGE i0,_7 5.66

1522°62 _INKFIFLD 9°43 68,03

1538,39 CCLLE6 _ _.23 6.34

1567.35 OR_CRAL 9.57 1g.73

IA_T ASC,NODE

_,tONG,,DEG,

17°00

.6,65

-30.31

-53,96

-77,62

-t01.27

-]24,93

-14R058

.172,23

-]9_,R9

.210,54

-243,20

-266°85

-314,16

.337,RI

-_61,47
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TABLE H1. - VHF TELEMETRY COVERAGE
PROFILES - Continued

EAST LCNCITUDF,ASC, _CCF (TIdE=n) = 18,00 DEG

TIWE, STAT|CN _INt.:T_S _TNuTE5 SINCE

_IN, I n' SI6HT LAST Co_TACT

g,CO _INKFIFL_ I_,21

24.A9 CCLLEG_ 10,31 5.67

103,71 _INK_I_L_ R.68 68.52

119,05 CCLLEGE _,q6 6.65

147,46 CR_C°AL 10,11 19,55

197,89 ST. JOVN_ q,58 40.33
212,96 CCLL_Gff 6,22 5.48

242,2A ORqCOAL 7,20 23.10

292,17 _CS_AN 5,11 42,69

291,54 ST. JOFN_ q,57 .00

305,76 CCLLFGF 4,65 4.65

364,71 5ANTYA_C I0°_6 54o31

370,80 LIUA 10,28 .00

380,37 FT, PYER5 I0,_7 ,00

382,67 RCEYAN I0,36 ,00

396,74 CCI.LF_F 6,48 3,71

462.15 SANTIAGC 4,18 58.93

487,76 CCLLFGE q,06 21.43

580,18 CCLLEGE 1_,35 83.37

618,78 JC_ANN_58tJR6 9,11 2R,25

674,62 CCLLEGF q,4B 46.73
712,23 JCNANNFSPuPG R,62 28,18

772,23 CCLLFGE 4,12 51.39

785,88 nIMK_IFL P 9,83 9.53

880,20 _INK_IFL_ 9,_5 84,49

931.77 CRPCPAL 10._7 42.01
976,38 ST, JO_NS q,24 34,23
99g,65 SANTIAGC _,Q4 14.03

I029,24 CRuCiAL. 4,06 20,75

I07C,47 ST, JOFN5 q,_2 37.17

1075,06 RC_MAN 7,70 ,00

1077,19 FT, _YFRS B,_? .00

1083,76 QLYT_ i0,13 .00

1086,59 LIPA 10,37 ,00

1092,37 SANTTAGC 9,_5 ,00

1168,48 RCSRAN g,93 66,76

I171,05 FT, PyFRS Q,P5 .CO

133g,73 '_I_KFIEL_ 3,09 159.43

1350,30 CCLL_6_ 9,07 7.4g

1407,52 JCNANN_SPU_ in,37 48.15

1428,77 _INKFIEL_ 9,81 10,88

1444,25 CCLLEGF i0,37 5.67

1522.57 _INKFIEL_ 9.57 67.95

1538,41 CCLL_GF 9.32 6.27
1567,53 CR_CPAL 0,_9 19.81

I.A_T A5C,NODE

E,I.ONG,,DEG,

I_,00

-5,_5

-29,31

-52,96

-76,&2

-I00,27

-123,93

-147.58

-171,23

-194,89

-21_,54

-242,20

-265,85

-_13,16

-336,81

-360,47
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TABLE HI. - VHF TELEMETRY COVERAGE
PROFILES - Continued

EAST LONGITtDr,_5C. NCCF (TI_E:O) : 19,00 DEG

TIME, STATION WINOTE$ MINHTFS SINCE
WIN. IN SIGHT LAST CONTACT

9,08 _INK_IEL_ 10.16

24,90 CCI LEGE I0,33 5.67

103,61 WINK_IEL_ R.89 68.38

I19.C7 CCLLEGE B,g5 6.57

147,59 OR_CQAI 10,01 19.57

198,03 $T. JO_N5 g,44 40,44

213,00 CcLLFGF 6,34 5.52

242,10 OR_CRAL 7,62 22.76

292,66 RC_M^N 4,_4 42.93

291,48 ST. JC_N_ g,?l .00

305.88 CCLL_GF 4.64 4.68

364,71 SANTIAGO 10,33 54.19

37C,86 LI_A [0.20 .00
38C.41 FT, MyFR5 [0,_7 .00

382.70 RCSMAN IO,B? .00

396,91 CCtLEGF 6,37 3.84
461,77 5ANTIAGC 5,02 58.49

487,89 CCLL_GE 8,97 21.10

58C,24 CCLLEG_ I0,_3 83.38

619,00 JOHANNeSbURG R._5 28.43

674,57 COLLEGE g,R3 46.73

712,12 JCHANNFSPDPG 8,9] 28.01

771,97 CCLLEGF 4,89 50,94

?85,93 WINK_IELD 9.72 9.38

88C,19 _INK_IFL_ _.67 84,54

931,76 CRUCIAL 10,_6 41,90

976,45 ST, JOHN5 9.05 34.33

999,88 5ANTIAGC 8,58 14.38

I028,86 OR#ORAL 4,89 20._0

I07C,45 ST, JO_N5 g,g2 36.70

I075.24 RCS_AN 7,29 .00

1077.36 FT. _YFRS _.00 .00

1083,86 CLIT? I0,01 ,00

1086.65 LI_A IN,34 ,00

I092,31 SANTTAGC Q,_5 .00

1168,45 RCS_AN 10,05 66.59

1170,98 FT, MYERS 9,47 .00

I18C,49 CLITQ 4,3_ ,05

1350,35 CCLLEGE Q,g4 165.52

1407,52 JCHANNFS_uP6 10.34 48.24

1428,89 _INK_IEL_ 9.71 11.02

1444,27 CCLL_F 10,37 5.67

1522,52 _INKFIFLD 9.70 67,88

1538,43 CCLLEGF g-40 6.21
1567,73 OR_C_AL g,20 19.90

LAST A_C,NODE

F,LONG.,DEG,

Ig,O0

.4,65

-2R,31

-51,g6

-75,62

-9_,27

-122,93

-146,58

-170,23

.19_,89

.217,54

-24],20

.264.85

-312,16

-335,_I

-359,47



TABLE H1. - VHF TELEMETRY COVERAGE
PROFILES - Continued

EAST LCNEITUD_qaSC. KrCF (TI_E=O) = 20.00 DE6

TIWE, STATIC N WTtJETF5 _INuTFS SINCE t AKT A_C,NODE

_IN. IN SICHT LAsT CONTACT _,LOmG,,DEG,

9,17 WI_KCIFL_ I0.09 20,00

24.g2 CCLLCG_ i0,_5 5.66

103,52 WI_K_I_L_ g,08 68.25 -],65

119.09 CCLLFGF Q.04 6.49

147,74 CROCOAL _.89 19.60
198,18 ST, JOHN_ 9,29 _0.56 -27,31

213,04 CCLLFGF 6.45 5.57

241094 CRQCnA! _.O0 22.45

293.25 _C_AN _.35 43.31 -50,96

291.44 ST. JO_N= q,83 .00

305.gg CCLLCG_ 4.65 4.72

364,72 5ANTTAGC I0.29 54.08

37C.92 LI_A 10,¢9 .00

38C,46 FT, mYFRS I_.34 .00 -74,62

382,74 RCSYAN I0,_7 ,00

397,07 CCILEGF 6,25 3,97

461,45 5A_!TTA6C 5.71 58.13

468.C0 LI_A 4.19 ,83

480,46 RCS_N _.46 8,27 -98,27

488,02 CCLL_GF _,_7 4.1l

580,30 CCLLFGF I_._I 83,40 -121,Q3

619.24 JDHA"'NF$mt;R6 P.56 2B.63

674.54 CCLL_GE 9,62 46.74 -]45,58

712,02 JcWANN_SmUR6 Q,17 27.87

771,73 CCLLF6_ _.00 50.53 -16q,23

785,98 _INKCTFLR 9.59 9.25

880.17 _INK_IEL_ q,78 84.60 -19_,B9

931,76 O_O_l I_._3 41.BO
g76,53 SI. JCFN_ B.Q4 34.44 -Yl&.54

1000,13 5A_,TTA6C _.78 14.76

I028,55 ORoC_AL 5.58 20.13

I070,44 ST. JOHN_ I0.02 36.3l -240.20

1075,45 RC_AN 6,_1 .00

I077,55 FT, _YFR5 7.58 .00

1083.98 QLTTC _,86 .00

1086,73 LI_A I0,29 .00

I092,27 5ANTTAGC q.72 .00

1168.43 RC_AN i_,14 66,44 -263,B5

I170,g2 FT, _Y_RS 9,66 ,00

1180,02 _LTT_ 5.34 .00

135C,39 CCLLFGF _._0 165.03 -_11.16

1407,54 JCHA_]NF_mU_6 I0._0 48.34

1429,C2 WI_KFIFL_ g,_9 11.19 -_34,_I
1444,29 (CIL_GF I_,37 5.6P

1505.04 JC_ANN_PuP6 4,01 50.3_
1522.4B WI_K_IrL_ g,Q2 13.43 -35_,47

1538o45 CCLLF6F g,48 6.16

1567.94 O_C_I. _.g8 20.01
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TABLE H1. - VHF TELEMETRY COVERAGE
PROFILES - Continued

EA51LCNCITLBE,ASC. NCCF (TIME:O) : 21.00 DEG

TIWE, _TATTCN WINLJTFS MINtJTFS SINCE

WIN. IN SI6HT LAST CONTACT

9,27 _INK_IFL_ I_,01

24,94 CCLL_6_ I0,36 . 5.66

103,45 _INK_IFL_ 9,25 68,14

119,11 CCLLF6_ 9,13 6,42

147.89 OR_CPAI Q.75 19.65

198.34 ST..IO_N_ 9.13 40.70

213.08 CCLLF6E 6.57 5.6_

241.81 O_QCDAt 8.33 22°15

291.40 5]. ,JO_N_ 9.94 41.27

306.10 CCLLFGF 4.66 4.75

364.73 5ANTTAGC I0.22 53.97

371.C0 LIwA q,g6 ,00

373.46 _LITO I0._4 ,CO

380.52 FT, PyFR5 10.29 .00

382,79 RCSMAN 10,35 .00

397.24 CCLL_6 _ 6.14 4.I0

461.19 5A_ITIA6C 6.30 57.81

_67.52 LIMA 5.20 .03

477.97 FT. UYFR5 _.65 5.25

479._] RC_AN 4.52 °00

488.15 CCLLEGF 8.78 3.72

58C.36 (CLL_6F 1Q.29 83.43

619.49 JC_ANNPS_UP6 8.23 28.85

674.51 CCLLFGE g.7 I 46.78

711.95 JC_A r''NF58U_6 Q.40 27.74

771.51 CCLL_6 r 5.37 50.15

786.04 _INK_IFLt 9.45 9.16

880.16 _INK_IrL t 9.88 84.67

931.76 C_CPA I 10.29 41.72

976.45 _INK_TFL _ _.50 34.41

976.62 5T. JGFN_ q.6I .00

i00C.41 5ANTIAGC 7.96 15.17

1028.29 CRRCPA[ 6.16 19.93

1B7C.43 5T. JO_N_ 10,10 35.97

I075.69 RCSMAN A.27 .00

1077.78 FT. _Y?R5 7.11 .00

1084.11 CCITt 9.68 .00

I086.82 LIWA i0.21 .00

1092.24 5ANTIAFC g. A7 .00

1167.04 5_. ,JO_ _ 3.40 64°93

1168.41 RC_MAN 10.22 .00

1170,86 FT. My_R_ 9.82 .00

1179.66 _LTTe 6.1.3 .00

1350.44 CCLLCGF _°66 164°64

I_07.56 JC_AS'NF58DP6 10.23 48.46

1429,15 _I_KFIFL t 9.46 11.37

1444.31 (CLL_G _ 10.36 5.70

1504.59 JCMAMNF5_6 4.g6 49.92

1522.44 _I_KFI_L _ q.g2 |2.89

1538.47 (CLtCOF q.55 6.11

1568.16 C_CDA! 8.73 20.14

LAST ASC.NODE

F.LO_'G.,DEG.

21.00

-2.65

-26.31

.49.96

.7_.62

-97.27

-]20.93

-144058

-168.23

.191.89

-215.54

-239.20

-262085

-910.16

-333.81

.357.47
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TABLE H1. - VHF TELEMETRY COVERAGE
PROFILES- Continued

EAST LCN(IIUDF.ASC. NCCF (TIVE=h) = 22.00 DEG

TIWE. STATICN NINUT_S _INUTFS SINCE I A_T ASC.NODE

VIK. I_ _ 51CHT LAST CONTACT F.tOr!G.,PEG.

9.38 _INKFIFL_ g. Q3 22.00

24.96 CCI LFGF [_.37 5.66

103.38 _IKK_IFL_ q.41 68.05 -1.65

119,13 CCl..LP6_ q.22 6.35

14_.06 C_CmAL q.60 19.71

198.51 ST. JCFN_ _.95 40.85 -25._I

213,12 CCLL_E 6._9 5.67

241,69 O_C_L _._3 21.88

291,38 ST. JC_N_ iQ,e4 41.06 -4_,Q6

306.21 CClLF6F 4.67 4,79

364.75 5ANTTA_C [0.14 53.86

371.09 LIrA q.80 .00

373.56 _LTTr q.qO .00 -77.62

380.60 FT. '_YFR5 I_.23 .QO

382,85 RCS_aN I0,_I .00

397.41 CCLLF6F &.03 4.25

46C.96 SAh'TIA_C _.BI 57.53

467.15 LIUA 6.Q0 .00

477.42 FT. _YFR_ 4.75 4.27 -9_.27

479.50 RC_V_N 5.34 .00

488.29 CCILF6F P.68 3.46

58C.42 CCLL_GF 10.26 83.45 -I19.93

619.77 JCPA_'N_$PUP6 7.Q? 29.09

674.48 CCI.I_FGF q.79 46.84 -143.58

711.89 JC_A_NFS_U_6 q. AO 27.63

771.30 CCLLEGE 5.72 49.81 -167.23

786.10 _INKrIEL_ g._O 9.07

880.15 _I_'KFIFLD q.97 R4.76 -19h. B9

931.77 CR_CPAL 1Q.22 41.64

976.22 _INKFIFL_ 4.14 34.23 -214.54

976.72 ST. JO_NS 8.36 .00

I00C.70 5Ah'TIAGC 7.60 15.61

1028.07 CR_CPAt 6.67 19.77

I07C.42 ST. ,JCF'N_ I0.17 35.68 -23R.20

_075.97 _CC_AN _.64 .CO

I078.C3 FT. UYFR_ 6,$6 .00

1084.25 _LIT_ Q.47 .00

I086.92 LIWa IO,ll .00

1092.23 5ANTIA6C lO.qO .CO

_166.75 5_. ,JO_N_ 4.16 64.52 -261e_5

I168e40 _DS_AN 10.28 .00

I17C.82 FT. _YFR5 9.96 .00

1179.37 CLITr 6,79 .00

I183,66 LI_A _.q8 .00

135C.49 CCLL_6F _,51 162.84 -300,16

1407.59 JCHA_NFSRUP6 I0.]4 48.59

1429.29 _INKFIELD o._3 11.57 -132.81

1444._3 CCLLFGF 10.34 5.71

1504.24 JCFAbNFSmU_6 _.73 49.56

1522.42 WI_KFIFLt IQ.OI 12.45 -_5Ae47

1538,49 CCLL_6_ 0.62 6.06

1568,40 CRPCPAL S,47 20.29
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TABLE HI. - VHF TELEMETRY COVERAGE
PROFILES - Concluded

EaSl LCNEITtDF,_SC. _CCF (TIWF=n) : 23,00 DEG

TIWE, ST#TICN NfNIJlFS MTNtJTE5 SINCE

WIN. I_' SI6HT LAsT (oNTACI

9.49 _IKKFIFLR g.£3

24.99 CCLLFGF I0._7 5,66

103.32 WI_'KClFL R _,_5 67.$6

119.15 CCLL_G r q._O 6.2A

148.24 C_CPAI qo43 1g,79

198,68 ST, JCPNS _,75 41.C2

213,16 CCtkr6r 6,RO 5.72

241.59 C_qc_AL _.gO 21.63

291,36 ST, JCI<N _ 1o,12 40.87

306,31 CCLL_6F 4,_0 4._B

364,77 SANTI_C I0.04 53,76

371.19 LIMA Q,61 ,00
373,6g CLIT_ g,73 ,00

380,69 FT, VyFR_ [e.14 .00

382,92 RCS_AN 10,26 ,ON

997,58 CCI.LFGF _,_2 4.Bg

46C,76 5ANT_A_C 7,26 57.27

466,85 LIMA _,A 6 .00

477,00 FT, _,'yFR_ _,=8 3,50

479,16 RC_M_N &.el .00

48P,43 CC[L_6F 8,58 3,26

580,4g CCLLF6 r 10,23 83.4B

620,CR JC_A_'N_58LG6 7,46 29.36

674,46 CCLLF6 F 0,_6 46.92

711,B5 JC_A_.'NFSPDP6 q,78 27.53

771,12 (CLLrGF 6,n4 49,4g

786,16 _I_'KrIFL t 9,13 9.01

880,[5 WINKFI_L _ I0,06 84,86

931,79 C_PODAI 10,14 41.58

976,04 WI_'KFIEL_ 4,69 B4.11

lOOleC! 5ANTIAGC 7,20 |6.09

1027,87 CRPCP_I 7,12 19.6&

1070,41 5_e .JCF_ _ 1N,23 35,42

1076,31 RC_N_N 4e_g ,CO

1078,33 FT. _'YFR_ 5.q2 .00

I084,41 CLITP g,22 ,16

1087.C4 LI_A O.g8 .00

I0g2.23 SANTIA6C 1_.i0 .CO

i166,52 51, JC!-N_ 4,78 64.19

I168,40 RCCM_N IO,_B ,CO

1170,79 F_, _'YFR_ I0,08 ,CO

117_,12 CLIT_ 7,_5 ,00

I18B.15 LI_A _,06 ,00

135C,54 CCI. LF6F _,15 162,B2

1407,63 JChAKNFSmbP6 10.OB 48,74

142£,44 WINKFIFL _ q,18 tl,Tg

1444,B6 CCLLFGF 10,t3 5,73

1503,g5 JC_A_NFS_P6 6,_7 49,26

1522,40 _INKrIEL R IO,n9 12.09

1538,51 CCLLF6F q,69 6,01

1568,66 C_C _AI. R,17 20,46

IA_T A£C,NODE

F.IO_,G.,DEG.

2B.O0

-.65

-2_.31

-47,g6

-71.62

-9_.27

-11_,93

-142.58

.16A,23

-18geR9

-237,20

-260,_5

-BOR.I6

-_BI,8I

._55,47
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TABLE H2. - S-BAND TELEMETRY COVERAGE PROFILES

S-BAN_ TFLE_ETP¥ COvFR_GE PRCFTLFS

NCPTN LAT, EAST LONG, MIN ELEV,

DFO DE_ DE6

STATICN I AI_FKA 65.00 212.50 5.00

STATICN 2 CAR_IA_VP_ -24.50 II_.40 5.00

STATICN 3 RPS_AN 35.20 277,]0 5,00

5TATICN 4 SANTIAGC -3_.I0 289.30 5.00

STATICN 5 TAN_NaRIVE -IR.50 47.30 5.0Q

CRBIT ALT= _00.0 KW.

CRBIT INCL= _?.3_ _E_.

NCCAL LCNGITU_E STEP 517E= l.OO _Ec.

CRBIT PERIC_: 94.62 WTNUTES

EARTF pADILS= 3].3 PERCFNT CVEP ACTUAL (pFFRACTIoN COPRFCYION)

_INIWLR TIFF= 3.00 _IN

WESTWAP_ 5FIFT PF ASC. PCnE = 23._5 DFG./_RBIT

STATICN WAX. AR( PANC_ VI_IBLE(_EG) _Ax. DIST.KM.

I ]g.73 2_31.1

2 Ig.73 2331.1

3 Ig.73 2_31.1

4 1g.73 2_31.]

5 Ig.73 233_.I

EAST LCNCITL!Dr._S(. NCCF (TIPr:O) : .00 DEG

TI_E. STATTCN WI{_I!TFS r_11h'liTFSSINCE I A_T ASC.NODE

_IK. If" _ICI_T LAsT CoW, TACT _.tO'_G.._DEG.

24.51 ALASVA n._4 .00

liP.51 ALASKA _._9 84.66 -23.65

211,66 ALASKA 4,RI 86.27 -4_,31

238,65 CAPNA_VCN I0._2 22.17

27C.21 5ANTIACC Q.q6 2].24

288.36 RC_AN le.?2 8.19 -70.°6

302,_7 ALASKA 5,97 4,40

366.06 5ANTTAGC ?.51 57.13

384,35 RCSMA_ A,_9 10.77 -94.62

393.85 ALASKA R.58 3.11

485.92 AL_SVA 10.23 83.4B -Ii_.27

52C.63 T_N_NA_IVE 10.35 24.49

579,86 ALASKA q,SR 48.88 .14].93

676,47 ALASKA 6,13 86.73 -16_,58

g06.61 5ANTIAGC 6.Bq 224.00 -212.89

935.93 CA_NARVCN 7.57 22.44

981.96 QCS_AN 4.30 38.47 -236,54

gg7.5q 5ANTIAGC I0.]7 11.32

1029.81 C_NA_VCN 9.57 22.06

I073.78 RC_AN I_.35 34._I -260,20

122C.80 TANA_!APIVE 9._4 136.67 -28_.85

1255,90 ALASKA _,_i 25.66 -_07,50

1316.22 T_NA_IAPIVE ?.48 52.00

1349.72 ALASKA le._2 26.02 -331.16

1443.87 ALASKA 0,_2 83,83 -354.QI

1537.94 ALaEVA _.48 84.35 -37_.47
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TABLE H2. - S-BAND TELEMETRY COVERAGE
PROFILES - Continued

EAST LCNCTTI_Cr,hS(. NCCF (TIME:O) : Z.O0 DEG

TIWE, qI_TTCN WTNUTF5 MTNuTFS SINCE laST ASCeNODE

_Th. I_ SIGHT LAST CoPTACT F.LoMG.,DEG.

24.53 ALASKA q,_2 1,00

]18.5_ ALASKA 7.C0 84.60 -22,65

211,76 ALASKA 4._5 86.21 -46,31

238.74 CAmNARVCN I0.26 22.14

270.24 5ANTIAGC q._2 21o24

288,45 RC<_N 10.14 8,38 -6q,96

303,14 ALASKA 5,86 4.55

335,48 CADNA_vCN _.q8 26.4_

365,90 S_!T!A6C 7,_9 26.44

384,08 RC_A_ 6.gi 10.30 -99,62

393.99 ALASKA R.48 2.99

485.99 ALASKA 10.19 83.52 -I17.27

520.67 TANA_rA_IVE IO,_l 24.49

579.85 ALASka g.q4 _8.80 -140,93

676.30 ALASka 6,42 86.51 -164,58

g06.q? 5_!TTAGC 6,40 224.25 -21|,89

936.19 C_DNARVCN 7.08 22.76

982.50 _C_VAN _._4 39.29 .235,54

997,60 S_!7_A_C }D.24 }1.96

1029,73 CAWNAWVC _ q.75 21.89

1073,79 RC_W_N IC,_7 34.31 -259,20

I]71,02 RCSWAN _,24 86,86 -282,85

122C,9| TANA_!APlVE q.20 46.65

[255.96 ALASWm _.14 25.84 -306,50

1916.02 T_AK_API_/F 7.92 51.92

134_,74 ALASKA I0,_0 25.80 -_30.16

1443,89 ALASKA q,79 83.85 -_5_,81

1537,97 ALASKA 7,60 84.30 -377,47

EAST LCN61TLDE.ASC. _CDF (TIPE=h) = 2.00 DEG

TIWE. 5TATTCN NINUTE5 _INt!TFS SINCE LA_T ASC.NODE

MIK. I _'_ _]F_T LAST COHTACT __.I..ONG..DEG.

24,55 AlaSKA q,49 2,00

I18,58 ALASKA 7.]2 84,54 -21,65

211,85 ALASKA 4,89 86,16 -45,31

298.85 CA_NA_VCN I0.]9 22.11

270,29 SANTTAGC 9,&6 21.26

288,55 RCSMAN 10,04 8.59 -68,96

303,30 ALASKA 5.76 4.7_

334,99 CA_NARVCN 5,_0 25.93

365.75 5_NTTA_C P.29 25,76

383,86 RC_MAN 7,37 9,88 --92.62

394.13 ALASka 8._8 2.91

486,07 ALASKA 10.]5 83.55 -]16,27

520,73 TA_ANAPIVE IP,_7 2_.51

579,83 ALASKA [0,01 _8,74 -139,93

676,15 ALASKA 6°69 86°31 -163,58

907,38 5A_TIAGC _,B4 224.5_ -210,89

936,37 CAWNARVC_ 6,5[ 23,16

997,63 5_NTTA_C I0.30 54,75 .23_,54

1029,66 CA_NARVCN g,gO 21o73

1073,80 RCSMAN L0,97 34,24 -258,20

_170,57 RCSMAN 4.27 86,40 -281,85

1221,04 TANANAPIVE Q,g3 46,20

1256,02 ALASKA 7,96 26,05 .305,50

1315.85 TANANAPIVE ,.SI 51.87

1349,77 ALA5VA 10,27 25°61 ._2_,16

1443,90 AhASVA O.P5 83,87 --352,81

1538,00 ALASKA 7,71 84,25 -376,47
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TABLE H2. - S-BAND TELEMETRY COVERAGE
PROFILES - Con%inued

EAST LCNEIT_CF,AsC. kCBF (TI_E=O) = 3.00 DEG

TIWE, 5TATICN WINI!TES MINLTES SINCE LAST A5C,NODE

_]No IN 5ICHT LAST CONTACT FeI_ONGo,DEG,

24,57 ALASKA 0,57 _,00

118.6] ALASka _,23 84.48 -20,65

211,94 AtaSVA 4,94 86,10 -44,31

238,97 CARNARVCN i0,_9 22.09

270,35 SANTIAGC q,48 21.29

288,66 RcSRAN g,g3 8.83 -67,96

303,46 ALASKA 5,66 4.88

334,62 CARN_RVC N 5.79 25.49

365,62 SANITA$C _,53 25.20

383,66 RCS_AN 7.78 9.51 -91,62

394,28 ALASKA _.28 2.85

486.15 ALASka I0,II 83.59 -I15,27

520,80 TANAK!APIVE I_,34 24,54

579,82 ALASKA IO.C6 48,69 -138,93

676,00 ALASKA 6,94 86.11 -162,58

907,83 5ANTIAGC 5.19 224,89 -?09,89

936,66 CAPNARVCN _,85 23.64

997,67 SANTTA(C i0._4 55.16 -233,54

I029,60 CARNARVCN 10,03 21.59

1073,82 RC_MAN 10,36 34.18 -257,20

. 1170,24 RCSMAN _,_6 86.06 -280.85

1221,18 TANA_IAPIVE 8,62 45.88

1256,08 ALASKA 7,77 26.28 -304,50

1315,70 TANANAPIVE R.65 51.85

1349,79 ALASKA 10,24 25,44 -_2P,16

1443,92 ALASKA 9,91 83.90 -351,_I

1538,03 ALASKA 7,82 84.20 -375.47

EAST LCNGITUDF,ASC, NCCE (TIME:O} : 4.00 DEG

TIWE, STATICN WINUTES MINbTFS SINCE

_IN, I_! SICHT LAST CONTACT

24,59 alaSKA 9.64

I18,64 ALASKA 7,35 84.42

212,03 ALASWA 4,99 86,04

239,10 CARNARVCN 9.97 22.08

270,41 SANTTAGC 9,27 21.35

288,78 RCSMAN 9._0 9.09

303,63 ALASKA 5,57 5.05

334,31 CAPNARVCN 6.46 25.12

365.50 SANTIAGC P,81 24.?3

383,48 RCSWAN R.14 9.18

394,43 ALASKA R,17 2.81

486,23 ALASka 10.07 83,63

520,88 TANANAPIVF i0,79 24.59

579,82 ALASMA IQ,]l 48.6_

675,86 ALASKA 7,]7 85.93

908,35 5ANTIAGC 4,41 225.32

937,01 CAPNARVCN _,04 24.25

997,72 5ANTTAGC 10,77 55.67

1029,56 CARNARVCN i0,]4 21.47

I073,85 RC_MAN i_,32 34.15

1169,97 RCSNaN 5.72 85.80

1221,34 TANANAPIVE R,26 45.65

1256,14 ALASMA 7,57 26.54

1315,57 TANANAPIVE Q,95 51.85

1349,82 AL6SKA i0.20 25.30

1443,94 ALASMA 9,96 83.93

1538,05 AL_SMA 7.93 84.15

LAST ASC,NOOE

F,I_OHG..,DEG,

4,00

-I0,65

-43,31

-66,96

-90,62

-]14,27

-137,93

-].61,58

-208,89

-232,54

-256,20

-270,_5

-303,50

-327,16

-350,81

-_74,47
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TABLE H2. - S-BAND TELEMETRY COVERAGE
PROFILES - Continued

EAST LCNEITI_DF,AS(. KCCF (TifF=O) = 5.00 DEG

TIWE, STATICN WI_UIF5 MINt;TF5 SINCE LAKT ASC,NODE

WIN, In SIGHT LAsT CONTACT F,LO_tG,,DEG.

24,60 ALASVA 9,71 _.00

118,67 ALASKA 7,46 84.36 -IR.65

212,11 ALASKA 5.05 85.97 -4P,31

239,25 CAnNARVCN Q,83 22.09

270,49 5ANTIAGC Q._4 21.42

288,91 RCSMAN q,65 9,38 -65,96

303,79 ALASKA 5,47 5.23
334,06 CAWNARVCN 7.02 24.80

365,39 SANTTA6C q,06 24,31

383,33 RC_MAN 8,46 8.88 -89,62

394,58 ALASKA A,06 2.79

486,32 ALASKA 10,02 83,68 -I13,27

520,98 TANA_AOIVE 10,22 24.65

579,82 ALASKA 10.16 48.62 -13&,93

617,97 TANANAPIVE 3,49 27,99

675,73 ALASKA 7,40 54.26 -160.58

908.99 5ANTIAGC 3,41 225,86 -207,89

937,47 CAPNARVCN 4.02 25.07

997,78 SANTIAGC 10,37 56.29 -23],54

1029,51 CAPNARVCN 10.23 21.36

1073,88 RCSMAN 10.28 34.13 -25_,20

I169,75 _CSWAN 6,28 85.59 -27_,85

1221,53 TANA_IAPlVE 7,m5 45.49

1256,21 ALASKA 7,36 26.83 -302.50

1315,45 TANANAPIVF _,22 51.B8

1349,84 ALASKA 10.]6 25.17 -326,16

1443,96 ALASKA i0,_i 83,96 -_49,81

1538,08 ALASKA 8,04 84.11 -373,47

EAST LCNEITLCF,ASE, NCCr (TI_E:_) : 6.00 DEG

TIWE, STATTCN WTNI TF5 _ThIITFS 51_CE taroT ASC.NODE

WIN, I' qlC_T LAST CONTACT _,tO_!G,,DEG.

24.62 ALASKA q,77 A.O0

I18,70 ALASWA 7.58 84.31 -i?,65

212.19 ALASKA _.12 85.91 -41.31

239,41 CAPNAR_,CN c.66 22.10

270,5_ 5A_TTA6C P.78 21.51

289,C6 RDSWAN 9,48 9.70 -64.96

303.95. ALASWA _,_9 5,41

333,_5 CA_NAR\!C N 7.51 24,51

365,29 5ANTI_6C q,28 23.94

383,19 RCgWAN R,75 8,62 -88,62

394,73 ALASKA 7,q5 2.79

486,41 ALAS MA o,Q7 83,73 -]12,27

521,09 TA_AhlAPIVE 10.12 24.72

57q,83 ALASKA I0,20 48.61 -135,93

617,41 TANA_'APIVE 4,68 27,38

675,61 ALh5KA 7,61 53,52 -15°, 58

997,85 5A_TIA_C i0,_6 _14,64 -230,54

1029,48 CAPN6_VCN 10,30 21,27

I073,92 RC_WAN I0,21 34,14 -254,20

I094,9_ 5A_!TTA Gc _,47 10.81

I169,55 _C_W_ 6,78 71,15 -277,_5

1221,74 TA_!A_APIVE 7,_9 45.40

1256,28 ALASVA 7,13 27.16 -301,50

1315,35 TA_AMAPIVE 9,45 51.94

1349,97 ALASKA lC,ll 25,07 -32_,16

1443,98 ALASKA I0,C6 84.C0 -_4_,81

1538,11 ALASKA _,15 84,06 ._72,47
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TABLE H2. - S-BAND TELEMETRY COVERAGE
PROFILES - Continued

EAST LCNEIIUBF,ASC. KCBF (TI_E=n) = 7.00 DEG

TIWE, 5TaTICN WINt'TF5 _INIjTF5 SINCE LAST ASC,NODE

_IN. I_ tIGHT LAsT CONTACT F,IONG,,DEG,

24,64 ALASKA q,84 7,00

118,73 ALASka 7,69 84,26 -16,65

212,26 ALASKA _,19 85,84 -40,91

239.58 CAQNARVCN q,47 22.13

27C,68 5ANTTAGC n,48 21.63

289,22 RC_WAN Q,29 10,06 -69,96

304,10 ALASKA 5.30 5,60

333,66 CARNARVCN 7.q4 24,26

365,20 SANTIAGC q,48 23.60

983,08 _CSMAN q,Co £,40 -87,62

394,88 ALASKA 7,84 2,80

486.50 ALASKA q,�l 83,78 -)II,27

521.21 TANA_'AoIVE I0,_0 24,80

579,83 ALASWh |0,24 48.62 -134,93

616,gg TANAS'ADIVE _,57 26,91

675,49 ALaSWA 7,_I 52.94 -]58,58

997,94 SA_ITIAQC le,_3 _14,64 -220,54

I029,46 CAPNARVCN JO,_4 21.19

1073,96 RC_A_ I0,I_ 34.16 -259,20

1094,41 SANTTAGC 4,55 10.32

1169.39 RC_NAN 7,22 70.49 -276,85

1221,98 TANA_IAPlVE 6,R5 _5,97

1256,36 ALASka 6,q9 27.52 -300,50

1315,26 TA_ANADIVE 9,_5 52.01

1349,90 ALASka 10,06 24.98 -924,16

1444.C0 ALASKA i0,II 84.04 -947,RI

1538,13 ALASWA R,26 84,02 -97|,47

EAST LCNEITEBF,ASC. _CBF (TIfF=O) : 8,00 DEG

°

TIWE, _TATICN WINUIES MININTFS SINCE LA_T ASC,NODE

_IN, I_' SIGHT LAST (oNTACT F,LoNG,,DEG,

24.66 ALASKA q,89 _,00

118,76 ALASka 7,80 84.21 -15.65

212,33 ALASKA _,27 85.77 -9o,_I

239,77 (ARNARVCN 9,25 22.]7

270,80 5ANTI_GC _,15 21.77

289,39 RC_AN q,08 10.45 -62,96

304,26 ALASKA 5,22 5,79

333,51 CARNARVCN _.31 24.03

365,12 5ANTIAGC _,65 23.30

382,98 RC_WAN q,23 8.20 -86,62

395,03 ALASKA 7,73 2.83

486,59 ALASKA o,85 83.89 -110.27

521,35 TAh_ANADIVE g,S6 24,90

579,85 ALASWA 10,27 48,64 -199,q3

616,65 TANAh)APIVE 6,29 26,54

675,99 ALASKA 7,gq 52.44 -_57=58

998,03 SANTIAGC ]0,29 314.65 -22#,_4

1029,45 CA_N_R%/CN 10,97 21.19

I074,02 RC_MAN 10,02 34.20 -252,20

I094,C2 5ANTIAOC _,77 9.98

1169,24 RC5_N 7.61 69,85 -27_,85

1222.27 TANA_IAPIVE 6,22 45.41

1256,44 ALASKA 6,64 27.95 -29_,50

1315,19 TANANAPIVE q,83 52.11

1349.92 ALASKA ]Q,CO 24,90 -_2_,16

1444,C2 ALASKA 10.15 84.09 -_46,81

1538,16 ALASMA R,96 83,99 -970,47
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TABLE H2. - S-BAND TELEMETRY COVERAGE
PROFILES- Continued

EAST LCNC:ITL{]r=,z,S£. ,kC'CF (I[_E=O) = 9.00 DEG

T I_E,, 5TAT lC_' Iv _ NLT=S _TNLJTFS SIhCE

IVIN. ]h' ¢lCHT L_e,T CoNT,aCT

24.68 ALASKA _.q5

I18.79 ALASKA 7.ql 34.|6

212,40 ALASKA 5,35 85.70

239,g8 CAPNARVCN q,_] 22.23

27C.g3 5ANTIACC 7.77 21.94

289.58 RC_A_ R.R4 10.87

304.41 ALASVA _.15 6.00

333.38 CAPNARVCN R.65 23.82

365.05 5_JTTACC _._1 23.03

382.89 RCSPAN Q.44 8.03

395,19 ALASK_ 7.62 2.86

486.69 ALASKA Q.79 83.88

521.50 TANA_IAPIVE q.69 25.02

57S.86 ALASKA I0.30 48.67

6|6.38 TANA_IAPIVE 6.90 26.22

675.29 ALASWA R.17 52.01

gq8.I3 SA_TTAGC 1_,23 314,6_

I029+44 CAPNA_vcN IQ.37 21,08

I07_.08 RCS_N q.qo 34.26

1093.70 5A_TTA_C _._5 9,73

1169,12 RC_AN 7.97 69.3_

1222.62 TA_KADIVE _.47 45.53

1256.53 ALASKA 6.36 28,44

1315.13 TAWA_'APIVE 9.9Q 52.23

1349,95 ALASKA q.q4 24.84

1444,Q4 ALhS_A 10.19 84.14

1538,18 ALASKA Q.47 83.95

EAST LCNCITLD_,ASC, KCDF (TIME=O) = I0.00 DEG

TI_E, STATfCN M[_I(;TFS MfNuTFS SINCE

_lh. I_ SICHT LAsT CONTACT

24.70 AL^SVA I0.00

118.82 ALASKA R.e2 84.11

212.47 ALaSkA 5.43 85,63

240.21 CAmNARVC_ R.74 22.30

271,09 SANTTA6C 7.35 22,14

289.78 RC_AN _._8 11.34

304.56 ALASKA 5,08 6.2[

333.27 CAnNARVCN _.g4 23.62

364.99 SA_TTA6C q,g4 22.78

382,82 RC_N 9.62 7.88

395.35 AL_SWA 7.51 2.9L

486.8_ ALASKA 9.73 83.94

521.67 TANA_APIVE q,50 25.15

57g.88 ALASKA L0,12 48,71

616,15 TA_AK_APIVE 7.43 25,94

675.20 ALASKA R,_4 51.62

998.25 5A_rT_AOC ]n.15 3]4.72

_02_.44 CAPNA_vC N 10._5 21.04

I074,14 _C_AN 9.76 34,34

_0_3,44 S_T_A_C A,63 g.54

II6_,QO RC_AN R,2g 68,94

_223,C5 TAK_A_'APIVF 4,_4 45.76

]256.63 ALASK_ 6,¢7 29.03

1315.08 TAN_KIApIVE I0.I0 52.38

1349.98 ALASKA _,87 24.80

1444,C6 ALaSkA ]_.22 84.20

_538.20 ALASKA R.57 83.92

LAST ASC.NnDE

P.LONG.,DE6,

9,00

-14,65

-38.31

-61,96

-85.62

-I0_,27

-132,93

-156_58

-227.5_

-251,20

-274,Q5

-29R,50

-322,16

-34_,RI

-36q,47

LAST A_C.NODE

F.LONG,.DEG,

I0,00

-13,65

-37,31

-60.96

-84.62

-]0_,27

-131,g3

-155,58

-226.54

-250,20

-273,85

-297,50

-321,16

-344.81

.36R,47
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TABLE H2. - S-BAND TELEMETRY COVERAGE
PROFILES- Continued

EAST LCNEITUCF.^5C. _CCF (TIMF=O) = Jl,O0 DEG

TIWE, STATICN WINUTES MINLITFS SINCE LAST ASC,NODE

RIK, I_' SIGHT LAsT (cRTACT F,LONG.,DE6,

24,72 ALASKA I0,C5 11,00

118,84 ALASKA R,13 84.e7 -12,65

212,53 ALASKA 5,52 85,56 -36,31

24C,45 CAPNARVCN Q,43 22.40

271,27 SANTIAGC 6.87 22.39

289,99 RCSRAN 8,29 11,86 -59,96

304,71 ALASKA _._2 6.42

333,18 CAPNARVCN _,20 23.45

364.93 SA_TTACC 10,06 22,56

382,76 RCSRAN q,78 7,76 -83,62

395,51 ALASKA 7.39 2.97

486,90 ALASKA 0,66 84.00 -107,27

521.85 TANA_tAPlVE 9.28 25.29

579,91 ALASKA Ih,34 48,78 -130,93

615,95 TA_A_!APlVE ?,88 25.71

675.11 ALASKA R.50 51.28 -154,58

998,38 SANTIAGC 10,05 314,77 -22_,54
1029,46 CAeNARvCN i0,32 21.02

1074,22 mCleAN n,60 34,45 -249,20

1093,21 5A_TIA(C 1.13 9.40

1127.36 CAPNA_#CN 1.15 27,02

1168,90 RC_AN R,58 38.39 -272,85

1223o66 TANANARIVE 3,27 46.18

}256,74 ALASKA 5,76 29.81 -296,50

[315,04 TANAB!A#IVE I0.20 52.54

135C001 ALASKA g,80 24,77 -_20,16

1444,07 ALASKA 10,26 84,26 -343,81

1538,23 ALASKA A,67 83.90 -367.47

EAST LON61TLDF,ASC. KC_F (TIME=O) = 12.00 DE6

TI_E, STATION NINUTF5 MTNLJTE5 SINCE LAST ASC,NODE
_IN. I_ SIGHT LAST CONTACT F,LQNG,tDEG,

24.74 ALASKA 10,10 12,00

118,87 ALASKA 8.24 84,03 -11,65

212,59 ALASKA 5,62 85.48 -35,31

24C,72 CARNARVCN 8,08 22,51

271.48 5ANTIAGC 6,32 22.68

290,23 RCSRAN 7,98 12.43 -5B,96

304,86 ALASKA 4,g6 6,65

333,10 CAPNARVCN q,43 23.29

364,89 SANTIA?C 10,|6 22.35

382,71 RCSRAN g,g2 7,67 -82,62

395.67 ALASKA 7,28 3.04
487001 ALASKA 9.59 84.06 -106,27

522,06 TANANAPIVE 9,02 25,46

579,94 ALASKA i0._5 48,86 -129,93

615,79 TANANAPIVE 8,28 25.50

675,03 ALASKA 8,65 50.96 -153,58
998,52 5ANTIAGC q,94 314084 -224,54

1029,48 CA_NARVCN 10.26 21.02

1074,30 RCSRAN 9,41 34,57 -248,20

1093,02 SA_ITIAGC 7,57 9.31

1126,79 CA_NARVCN 4,35 26.20

1168,82 RCSRAN 8,84 37.67 -271,85

1256,85 ALASKA 5,42 79.20 -295,50

1315,01 TANA_ARIVE i0,28 52,74

1350,04 ALASKA 0,72 24.76 -310,16

1444,09 ALASKA 10,28 84,33 -342,81

1538,25 ALASKA 8,76 83,87 -366,47
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TABLE H2. - S-BAND TELEMETRY COVERAGE
PROFILES- Continued

EAST LCNEITU_F.ASC. NCcE (TIME=n) = 13.00 DEG

TI_E, STATICN MTNUTES M_NUTFS SINCE LAST ASC.NODE

_lh. I_ SIGHT LAsT CONTACT F.LONGo.DEG.

24.76 ALASKA 10.14 13.00

118.£9 ALASKA R.34 83.99 -I0.65

212.65 ALASKA 5°?2 85.41 -34.31

241.01 CAPRARVCN 7°70 22.65

271o73 5ANTIAGC 5.67 23.03

29C.48 RCS_AN 7,63 13.07 -57°96

3C5.C0 ALASKA 4.91 . 6.89

333.04 CARNARVCN 9.63 23.14

364.84 5ANTIAGC 10.24 22.17

382°67 RCS_AN 10.04 7.59 -81°62

395.83 ALASKA 7.16 3.12

487.12 ALASKA 9°52 84.13 -I05.27

522o2R TANANAPIVE R.73 25.64

579°97 ALASKA 10.36 48.96 -12Q.93

615.65 TANANAPIVE 8°63 25.31

674,g5 ALASKA R°79 50.68 -152,58

998.67 5A_TTA_C 9.81 314.93 -223._4

I02_o51 CAPNARVCN IQ,17 21.03

I074,40 RCS_N 9.20 34.72 _247°20

1092.86 SA_ITTAGC 7.96 9.26

1126.37 CA_NARVC_ 5.P5 25.56

I168,7_ RCS_AN q.08 37.12 -270,B5

1256°99 ALASKA 5.05 79.17 -294°50

1314.99 T#KANAPIVE I0°33 52.96

1350,C8 ALASKA 9°63 24.76 -318,]6

1444,]I ALASKA 10.31 84.40 -34],RI

1538°27 ALASKA R,86 83.85 -365,47

EAST LC_EITUDF.ASC. _CCF (TIME=O) = 14.00 DEG

TI_E. 5TATICN NINUTFS MINUTES SINCE

_IN. I_ _ICHT I AsT CONTACT

LA%T A_C.NODE

F,LONG,,DEG,

24.77 ALASka i0.18

118°92 ALASKA _°45 83°96

212.70 ALASKA 5°_2 85.34

241,33 CA_RVC_ 7.26 22.81

272°05 SANTIAGC 4.wO 23.47

290.76 RC_A_ 7,24 |3.81

305°14 ALASKA 4,86 7,14

339°00 CA#NA_VCN q,80 23.00

364.8] SANTIAGC 10o_0 22.01

382°65 RC_WAN I0,14 7.54

395.99 ALASKA 7°05 3.21

487.23 ALASKA 9°44 84.19

522.52 T_NA_tADIVE _.41 25.84

580.C0 ALASVA 10.97 49.08

615.53 TAAA_AmlVE _,94 25.16

674,88 ALASka 8,92 50.42

998.83 %ANTrAGC 9.65 _I5.03

1029.54 CAONARVC _ 10°07 21.06

I074°50 RCSMAN 8°96 34.89

1092.72 SANTIA_C _o30 9.25

1126.04 CAPNA_VCN 5°q7 25.02

1168,67 RCSMAN 9°29 36.66

1257.14 ALASKA 4°64 79.18

1314,98 TANANAPIVE i0°36 53.21

1350,I] ALASKA _°54 24,77

_444,13 AL^SKA i0°33 84.48

1538.29 ALASka 8°95 83°83

14.00

-9,65

-39,31

-56°96

-80.62

-I04°27

-127o93

-15l°58
-222.54

-246,20

-26q°85

-293,50

-31V°16

-340,81

-364°47

298



TABLE H2. - S-BAND TELEMETRY COVERAGE
PROFILES - Continued

E}ST LCNEITEDFoASC. _C£F (TIME:O) : ]5.00 DEG

TIWE, STATICS! WTNUTES MINUTES SINCE LAST ASC,N_DE

_IN, I_ SIGHT LAsT CcNTACT F,LONG,+DEG,

24,7g ALASKA 10,22 15.00

118,94 ALASKA m,_5 83,93 -B,65

212,75 ALASka 5,g2 B5,27 -32,31

24].68 CAPNARVCN 6,76 23.00

272047 SANTIAGC 3092 24.03

291,06 RCS_AN 6,R0 1.4.68 -55,g6

305,27 ALASKA 4._3 7.41
332,g7 CAPNARVCN g,_5 22.87

364,78 SANTTA6C 10,34 21.86

382.64 RCSMAN 10,22 7.52 -7o._2

396.16 ALASKA 6.g3 3.30

487,35 ALASKA 9,36 84.26 -103,27
522,79 TANANA_IVE R,e4 26.07

58C,04 ALASKA I0,37 49.22 -]26,93

615,43 TANANAPlVE 9,21 25.02

674,82 ALASka _,05 50,18 -|50,58

999,01 SANTTAFC 9,48 315,14 -721,54

102_,59 CAPNARvCN _,94 21.10

1074,62 RCSMAN R,70 35.09 -245,20

1092.60 SANTTA6C R,61 9.28

1125,76 CA_NARVCN &,58 24.55

1168.61 RCSMAN g,48 36.27 -26_,R5

1257,31 ALASVA 4,18 79.22 -297,50

1314,98 TAMANARIVE i0,37 53,49

1350.15 ALASKA g,45 24.7q -316,16
1444.]5 ALASKA I0,34 84.56 -33g. RI
1538.31 ALASka q,04 83.82 -363,47

EAST LCNEITUD=,ASE. _CCF (TIMF=O) = 16.00 DEG

TIWE, 5TATICN _lNtiT_S MTNHTFS SINCE LAST ASC.NODE
_IK, I_! SIGHT LAST CONTACT F,LONG,_DEG,

24,81 ALASKA 10,25 16,00

I18,g6 ALASKA R,65 83.90 -7,65

212.80 ALASKA 6.03 85.19 -31.31
242,07 CAPNARVCN 6.19 23.24

291.39 RCS_aN _.32 43.13 -54.g6

305,40 ALASKA 4,B0 7.70

332.96 CA_NARVCN I0,_8 22.76
364,76 SANTIA_C 10,36 21.73

382,64 RC¢_AN IC.28 7.51 .7_,62
396,32 ALASKA 6,_2 3.40

487,47 ALASKA g,28 84.33 -]02,27

523,08 TANANA_IVE 7.63 26.33

580,09 ALASK A 10._7 49.38 -12_.q3
615,35 TA_ANAmlVE q,44 24.90

674.76 ALASVA g,17 49,97 -149,58

ggg,20 SA_TIAGC a,_9 315.27 -220,54

102g.65 CAPNARVCN g,Tg 21.16

1074,75 RC_MAN _,40 35,31 -244,20

1092,49 SANTIA_C 8,89 9.34

1125,52 CAPNA_VCN 7,11 24.14

1168.56 PCSMaN 9.65 35.93 -767.@5

1257,5] ALASKA 3,65 79.30 -291,50
1314,gg TANAK_ARIVE i_,_6 53.83

1350,18 ALASka g,34 24.84 -_15,16

1444,17 ALASka i0,_6 84.65 -33_,81

1538.33 ALASKA 9.13 83.80 -362.47
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TABLE H2. - S-BAND TELEMETRY COVERAGE
PROFILES- Continued

EAST LCNCITUC_,ASC. NCC_ (TIME=O) : 17.00 DEG

TIME, CTATICH M_NUTF5 MTNHTF5 SINCE LAgT ASC,NODE

_Ih, 1_' _IGHT LAST CONTACT F,!OHG.,DE6,

24,83 ALASKA 10.28 17.00

i18,98 ALASWA P,75 83.88 -6.65

212.85 ALASWA 6,13 85.12 -30.31

242.51 CA_NARVCN _,53 23.53

291,76 RCSP_N _,76 43.72 -53,96

305.53 AtASWA 4,77 8,01

332.96 CA_NARVC_! 10.18 22.65

364,75 5ANTTA_C I_,37 21.61

382,65 RC_NAN 10.33 7.53 -77.62

396.48 ALASKA 6,70 3.51

487.59 ALASKA 9.20 84.40 -I01,27

523,40 TANANA_IVE 7,]5 26.61

58C,13 ALASVA 10,36 49.58 -124,93

615.29 TANA_ADIVE q,65 24.79

674,71 ALASka o,28 49.77 -148,58

772.67 ALA5MA _,41 88,6R -172._3

999.41 5Ah!TTAGC 9.07 223.33 -2[W,54

102_,72 CADNA_VCS' 0.61 21.24

I074,89 RC_AN _,07 35,57 -243.20

I092.41 SANTIA_C Q.14 9.44

1125.31 CADNARVCN 7.57 23.77

I168.52 RCS_AN 0.80 35.63 -266.85

1257,76 ALASWA _,03 79.44 -290.50

1315.CI TANA_'AWIVE 10.32 54.22

135C,22 AL_SK A 9.23 24.89 -31_,16

1444.19 ALA5_A 10,_7 84.74 -337,81

1538,35 AL_SWA e,22 83.79 -361,47

3OO

EAST LCNCITUDF,_5C. NCZ_ (TI_E=O) = 18.00 DEG

TINE, _TATICN NINUTF5 M;NIjTFS SINCE LAST ASC,NODE

giN. I _ SIGHT LAST CONTACT F,LONG.,DEG,

24.85 ALASKA I_._0 18._0

IIS,CI ALASVA 8,84 83.85 -5,65

212.90 ALASKA &,24 85.05 -29,31

243.C3 CAPNARVC_ 4.73 23.89

292,17 _C_MAN 5.11 44,42 -52.96

305,65 ALASKA _.76 8.37

332,97 CAWNA_VCN 10.26 22.55

364.74 SANTIAOC 10,36 21.51

382,67 RCS_AN i0,_6 7.56 -76,62

396,65 ALASVA 6,59 3.63

462,20 SANTIAGC 4,13 58.97

487,72 _t_S_A 9,11 21.39 -I00,27

523,76 TANANAPIVE 6.61 26.94

58C,18 ALASKA i0,35 49.81 -123,93

615,24 TANANAPIVE 0,83 24,71

674,66 ALASKA 9,39 49.59 -147,58

772,35 ALASKA _,96 88,30 -171,25

999,63 SA_!TIAGC _,83 223.31 -21_.5_

1029.80 CARN_RVCN q.40 21.34

1075,06 RCS_AN 7,70 35.85 .242,20

I092,34 SANTIAGC Qo36 9.58

I125,13 CAPNARVCN 7,98 23.44

_168.48 RC_MAN q.g3 35,37 -265,85

1315,04 TA_A_I_PlV_ 10,26 136.63 -289,50

135C.26 ALASKA q.12 24.96 -313,16

1444.21 ALASKA 10.37 84.84 -336,81

_538,37 ALASKA 0,_0 83.79 -360,47



TABLE H2. - S-BAND TELEMETRY COVERAGE
PROFILES - Continued

EAST LCNEITUDE,ASCo I_CI;'_ (TIME=O) = 19.00 DEG

TIME, STATICN MTNUTE5 MINUTES SINCE LAST ASC,NODE

PIN, I_T _I(:HT LAST CONTACT I_,,IONG,,DEG,

24,B7 ALASKA 10.32 19.00

119,03 ALASKA R,g3 83.83 -4,65

212,94 ALASKA 6.36 84.98 -28.31

243,66 CA_NARVCM 3,70 24.36

292.66 RCSMAN 4._4 45.30 -51.96

305.77 ALASKA 4.75 8.78

332-99 CARNARVCN 10.32 22.47

364.74 SANTIAGC 10.33 21.43

382.70 RCSNAN 10.37 7.62 -7_.62

396.82 ALASKA 6.48 3.75

461.81 5Ah'TIA_C 4.08 58.52

487.84 ALASKA 9.02 21o05 -99.27

524.17 TANANARIVE _.98 27.31

580,24 ALASKA 10.34 50.08 -122,g3

615.21 TANANAPIVE 9.98 24.64

674.62 ALASKA 9.49 49.43 -146.58

772.08 ALASKA 4.45 87.97 -170.23

999.86 SANTIAGC 8.56 223.34 -217.54

1029,89 CA_NARVCN 9.17 21.47

1075.24 RCSMAN 7.29 36.18 -241.20

1092,29 5ANTIAGC q.55 9.76

1124.97 CARNARVCN R,34 23.14
1168.45 RCSMAN 10.05 35.14 -264.85

1315.08 TANANARIVE 10.18 136.58 -28_.50

1350.30 ALASKA A,g9 25.04 -312.16

1412.33 TAhlANAPIVE 4.24 53.04

1444.23 ALASKA 10.37 27.67 -335.81

1538.39 ALASKA 9.38 83.79 -_59.47

EAST LCNGITUDF,ASE. RC_E (TIME=O) = 20.00 DEG

TIME, STATICN MINUTES MINHTF5 SINCE LAST ASC,NODE

FIN. IN SI_HT LAST CONTACT _.LONG,,DEG,

24.89 ALASKA 10.34

Iiq.05 ALASka g.03 83.82

212.98 ALASKA 6.47 84.91

293.25 RCS_AN 3.35 73.80
305.89 ALASKA 4.75 9.29

333.C3 CA_NARVCN i0,35 22.39

364.74 SANTIA_C i0.29 21.36

382.74 RCSMAN 10.37 7.71

396.98 ALASKA &.36 3.88

461,50 $ANTIA_C 5.68 58.15

480.46 RCSNAN _.46 13.28

487.97 ALASKA _,93 4,06

524.65 TANANAPIVE S.23 27.74

580.29 ALASKA 10.32 50.42

615.19 TANANAPIVE I0.I0 24.58
674.58 ALASKA 0.58 49.28

771.83 ALASKA 4._7 87.67

1000,12 SANTIA6C R,27 223.41

1030.00 CARNARVCN R.90 21.62

1075.45 RC_MAN _.Bl 36.55

1092.24 5ANTIA6C 9,72 9.98

1124.83 CAPNARVCN R.67 22.86

1168.43 RCSMAN I0.14 34.94

1315,13 TANANAPIVE I0,07 136.56

1350.35 ALASKA _.86 25.15

1411.88 TANANARIVE 5.20 52.67

1444.26 ALASKA 10.37 27.18

1538.41 ALASKA q.46 83.79

20.00

-3.65

-27.31

-50.96

-74.62

-9R.27

-121.93

-145.58
-160.23

.216.54

.240.20

-263.85

-287.50
-311.16

.334.81

-35R047
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TABLE H2. - S-BAND TELEMETRY COVERAGE
PROFILES - Continued

EAST LCNEITUD_,_5C. NCC_ (TIME=n} = 21.oo D_

TI_E, 5TATICN WTNUTES PINuTES SINCE LAST ASC,NODE

_IN. I_' SIGHT LAsT CONTACT E,LONG,.DEG,

24,91 ALASKA 10,36 21,00

119,07 ALASKA g.ll 83,81 -2,65

213.02 ALASKA 6,58 84,84 -26,31

306,00 ALASKA 4,76 86.40 -49,96

333,08 CAPNARVCN 10,37 22.32

364,76 5ANTIA_C 10,22 21.31

382,79 RCS_AN 10,35 7.81 -73,62

397,15 ALASKA 6.25 4.01

461,23 SANTIAGC 6,27 57.83

479.91 RCS_AN 4,52 ]2,4l -97,27

488,11 ALASKA 8,_4 3.67

525,21 TANANAPIVE 4,29 28.27

580.36 ALASKA I0.30 50.85 -120,93

615,Iq TANANAPIVE 10,20 24.54

674,55 ALASKA q.67 49.15 -I#4.58

771,60 ALASKA 5,26 87,39 -16_,23

I00C,39 5A_TIAGC 7.94 223.53 -21_,54

I03C,12 CAPNARVcN Q,59 21.79

1075,69 RC_MAN 6,27 36.97 -23g,20

1092,22 SANTIAGC 9,87 10.26

1124,70 CAPNARVCN B,95 22.61

1168,41 RCSMAN 10,22 34.76 -262,85

1315,20 TANANAPIVE g,93 136.56 -286,50

135C,39 ALASKA 8,72 25.26 -310,16

1411,52 TANAbAPIVE 5.97 52.41

1444,28 ALASKA 10,36 28.79 -333,81

1538,43 ALASKA 9,53 83.79 -_57,47

EAST LCN_ITUDF,A5(. NCC r (TIPE:n) : 22.00 DEG

TIWE, 5ThTTCN WINtJTF5 MINt!TES SINCE

HIE, I_ _ 516HT LAST CONTACT

24,93 ALASKA I0,36

I19,C9 ALASKA q.20 83.80

213.06 ALASKA 6.70 84.77

306.11 ALASKA 4.77 86.35

333,]4 CAPNA_VCN 10.37 22.26

364.77 5AK!TTAGC 10.14 21.27

382,85 RCSMAN IQ.31 7.93

397,32 ALASKA _.14 4.1_

461,C0 5A_!TIACC 6,78 57.54

479.50 RC_MAN S._# 11.71

488,24 ALASKA 8.75 3.41

525,96 TANANAPIVE 3,01 28.98

58C,42 ALASKA 10.27 51,45

615.20 TA_A_APIVE IQ.28 24.51

67_.52 ALASKA g.75 49,04

771,40 ALASKA 5,_i 87.13

I00C,68 5Ah:TIAGC 7,58 223.68

I03C,26 CAPNARVC_ R,24 22,00

1075.97 RCSMAN _.64 37.46

I092,20 5ANTIA_C i0._0 10.59

1124.59 CAPNARVC_ 9.21 22.39

1168,40 RC_AN 10,28 34.61

1315,27 TA_AKAPIVE g,77 136.58

1350044 ALASKA _,_8 25.40

1411,23 TANANADIVE 6.61 52.21

1444.30 ALASK_ IQ.35 26.46

153@,45 ALASKA 9,61 83.80

I. AST ASC,NODE

_,LONG.,DEG.

22,00

-I,65

-2_,31

-4_,96

-72,62

-96,27

-Iig.93

-143.58

-167.23

-214.54

.23R.20

-261,R5

-285,50

-30_.16

.332,81

-356,47
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TABLE H2. - S-BAND TELEMETRY COVERAGE
PROFILES - Concluded

EAST LCNCITUD_._SC. KCC_ (TIdE=n) = 23.00 DE6

TIVE. STATICN MINUTES mTNHTFS SINCE

_IN. I K' 51CHT LAST CONTACT

LAST ASC.NODE

_.LONG.,DEG.

24.95 ALaSVA IN.37 23.00

11g.11 ALASKA _.29 83.79 -.65

213.10 ALASKA 6.81 84.71 -24.31

306.21 ALASKA 4.79 86.30 -47.g6

333.21 CAPNARVCN ]q.35 22.20

364.80 5A_TTACC I_._4 21.24

382.g2 RCSMAN i0.26 8.08 -71.62

397.4R ALASKA 6.03 4.30

46C.90 5ANTIA_C 7.24 57.29

47g.16 RCS_A N 6._1 11.12 -9S.27

488.38 ALASka R.65 3.21

58C.4g ALASKA 10.25 83.46 -118.93

615.22 T_NA_'A_IVE 10.]3 24.49

674.49 ALAS_ A q. R3 4B.94 -142.58

771.21 ALASKA 5,q3 86.88 -166.23

I001.00 SANTIAGC 7.18 223.86 -21_.54

I03C.43 CA_NARVCN 7.@5 22.25

1076,31 RCSMAN 4,g9 38.03 -237,20

1092.20 SA_!TIA_C 10.11 ii.00

1124.49 CA_NARVCW 9.43 22.18

1168.40 _CSMAN ln,33 34.4R -26_.85

1315,36 TANA"tAPIVE q.s8 136,63 -284,50

135C.4g ALASKA R,42 25.55 -_0_,16

141C.g8 TANANAPlVE 7.16 52.07

1444.32 ALASka 10.33 26.18 -331,81

1538,47 ALASKA g.68 83.R2 -355,47
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PRECEDING PAGE BLANK NOT FILMED.

APPENDIX [

EFFECT OF COMPUTATIONAL ERRORS

To test the accuracy of the numerical solution of the differential equation,
the solution as obtained by a numerical technique was compared to an
analytical solution.

The analytical solution was obtained by assuming a torque-free unsymmetric
body. For this case, the differential equations become

= d sin 0 sin _ cos _ (I/A - l/B)

2
= d (sin2_]A + cos _]B)

= d cos e (1/C - sin2_/A - cos2_]B)

The analytic solution for small e and a body which does not approximate a
sphere-like body is given in reference 6 as:

e 2 2
e (1 + r) [cos a+-_-sec 0 a(1 + r)(cos 2e-cos Oa)]+...0 = 0 a -_-tan 0 a

c

= _a + Ft + ¢ p sin all +_- (1 + r)

6 + 2 cos 2 0

x (tan 2 e + a)] +
a 1 + cos20

COS

where

d ¢2
¢ = Ca+T1 [ I+ (l-p)] t

e sino_(l+ ep cos _)+-5(1 + r) sec 0 a

0_

d
= COS e

(r + 1) I 1 a

= 2(t_t + _a )'
2

[1 + _-----(1 + r) [1 - r - 1/4 tan 2e
2 a

(1 + r)]] +
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A+B
I1 = ---'2"--"

A-B
¢ = A+B'

2Cl+r =2C-A- B,

Here, 0 a, _/a; Ca determine the initial conditions.

If we assume the initial conditions

e (0) = 5o

(o) = ¢(o) =o

d = 31. 41593 slug ft2/second

A = 40 slug ft 2

B = 40.4 slug ft 2

C = 60 slugs,

then the results plotted in Figure I1 are obtained.

Here, error in _b = analytic solution - numerical solution. Only errors in ¢
are shown, but the error in _ was similar to that of _b. Errors in e were
negligible.

The method used to obtain the numerical solution was a Runge-Kutta method.
Two different word lengths were utilized. The first had a mantissa of 36
bits (CDC 3600), while the second had a mantissa of 48 bits (CDC 6500}.
The error is less than one second of arc after one orbital period if a 48 bit
mantissa is utilized.

Two different step sizes were chosen in performing the computations with
the 36-bit mantissa. For this case, the longer step size yields slightly
better results.

The general conclusion which may be drawn from this graph is that if the
differential equations are to be solved numerically, a 36-bit mantissa can
only be used if the time interval is restricted to about one-third of an
orbital period. However, a 48-bit mantissa yields negligible errors over an
orbital period.
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APPENDIX J

LEAST-SQUARES ATTITUDE DETERMINATION PROGRAM
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000003

000003

000003

000005

O00023

00O023
0O0024

000075
0000_7

000031

000032
O00034

00003_

000037

0O0040

000n42

000O43

O00n4_
000047

ooonsi
00OO5?

O000fi_
O00O55

000o57

O000_n

O00n_1

00006_

0000_4

00006_

o00n_

000067

00O1O6

00013_
0001_4

000144

O00144

QO014_
000}_7

000151

000153

000P33

PROGRAM HNYL ([NPUT,OUTPUTtTAPE1,TAPr_dINPIIT,TAPFg=OUTPUT_TAPE7)

DIMENSION O(IlT#)_PF(1S ),PG(ISt]b),vG(ISJtAV(16)tBIH(3),EMA(3t3)_

lPFS(3,3)*PEHt_93)tPET(3t_)_eBH(3)gPP¢(3),PRH(3)tP_T(3)_CF(3_)_

PPCEI(3,3),PCE2(3t3),PCE3t3,3),PFX(6_},PMA(3,3),CHAII(3,3),CMAT2(|

32,3}*BIL(S,3),SHAT(3),OUT(12),TP(6),_ETGAM(2,_)

E_UIVALENCE (D(1)*OT),(D(2)gTIME),(B_M(]),BBX),(RBM(p)tBBY}tr_BM(3

|)*BBZ)t(SHI,SHAT(])),(SH_,SHAT(_)),(_3,SHAT(3)),(TP(I),OMX],(TP(_

_)_O_Y),(TP(3),OMZ}t(TP(4)*PSI),(TP(5}tPHI),(TP(6},THT)

3,tVG(1),O_X/)*(VG(2),OMYZ)_(VG(3)_O_7/),(V_(_)_PSIZ).(VG(5)tP_IT).

4 (VG(6),THTT)t(VB(T),A }*(VG(B),C),(VG(9),FMxP),(VG(]0},FMYP),

5 (VG(II},FMIP)t(V_(I_)tFKP]t(VG(13),rPl),(VG(14),EP_],(VG(IS),ER3}

REWIND I

C

CONSTANTS, ZERO ARRAYS. INITIAL CO_IDITIONS

C

REA_ (5,450) M|tM_,ISUN,IRIN,ITEST

_0 FhRMAT (]015)

ICND : n
N_ = I0

I_ (ISUN.NE.n) NS = II
OTMI_ = 1.0F-12

_T = 3.1415q265_

T_0Pl =.6,2831_53(}7
CONVER = ].E-O5
DTR = .n174532_25

RTO = 57.2957795
On IS I=I,3

PFS(I,3) = O.

PET(_,I) = n.

RCEI(I,3) = 0.

PCE3(2tT) :.n.

P_X(I÷3,2) = 0.

_S RFX(I÷3,_) = 0.

P_Xt_,5) = h.

PFX(6,2) = 1.

CONSTANTS FOR MAGNETIC FIELDS

N_4X = H

NMy = 1

ALT.= 500.

T_ = 19A9,_5
CONSTANTS FOR OE qOIJrINE

I_W =
JI_Mp =

Nr_E= 78

C READ INITIAL GUESS FROM C_RO

READ (5,?} ITAPEt_SF,(VG(1)_I=I,6)_EII

R_AD (5,2_5) E[_,EI3,EMX,EMY,EMZ,EK,{R|,EP2

READ (_._nS} EP3tUT_RATIqK

_nS F_RM,_T (_EI0.R)

7 FqHMAT (215,7FI0.7)

DTSA_IE = DT

K_UNT = 0

IF(I,_IN.EQ.o) CALL STARE_ ([TAPE)

REwlfJD ITAPF

C READ ANO WRITF FIRST _ECnRO FROM TAPE

RFAO (ITAPE) IO,CII,CI2,CI3,CMX ,CMY ,CM7 ,C_,RIFI,FNUZtOMNtGMA_.

IOME,((HETGAM(I,J),I=I,2),J=I.5_tCPl,rP_,CR3

_;ITr (_,5) ID,CII,CI?,CI3,CMx_CMY,C!_Z,CK,R,FI,Fh_IIZ,hMN_SMA_.
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000314

0001;1 a

000_1_

000__17

00n33_

0003v_

000.'; 3_,

O003_A

000337

0003_I

00034P
O003_,'_

000":44
00034_

0003_

Onn_

00o'3_1

0003_

oon_4

ono35_

000_7

O00_r_n

O003_,a

OOn3_:_

000377

O004nn

0004 n7

000" I 7

000_*_1

0004_'_

OftO_

OOrit+_7

O0 NiL "In

000++ _l

00N4 _1_+

O00i, +,_
O00l+,+_

OOn_ _,4

000 _.+,:,

OOFl4_o

000:' %'I

00043_

000_'

oon _+.',_

00 n 4,'-,_

OOn._._q

oon++,-,_

0004 7t

?_+ c..r ;_ =o_'I'/._/7_I rn,,,E =.F]3.8/7,-i '>f=TA =,FJ'I.L'I._FI4.11/_H (.)AMMA =

+'_I,iLIP.+_,,41"I(+_.R/YH FP'5, T :,_F'=I3.-i._FI&._/)

CO, _,i-__l ;_,<;iv_ !,-i-,(-_,,,E_EFI_; l'O i::;'_OIA,',l.':;

!',',l : +4 I = I ,P

lnL+ _<i--ir;,+,('f,,J) = ,,ETw.",A,i'i,J)*l)'l',,>

", = _- l)

C = _'I2

V 'YP = r.." 'y

F '/f.:,= _''7

"_ --_ I 'i:.i,'lF!+

FF = Pl 'i_f_ll:"

fl ,,'' _" ()_._f_ 41'I_T ,-;

(4 ;2, 7 = f'.f.,gT'¢i'_l [':

C,'I --.. CIml'iil/,,l

("L'7 "- (+_,',I,,I+T+,'

C,,t.;] .- C'P)_¢:'IiTI<

II', 1+ l = ) ,r+

1 _- ;#_:,()') = 'Y(';( I ) '¢_' I_I

CALCI,I _TP_. _ i,_'_l,Y Ai_.:̀ V+_,L'.AFqFtiR I",IIlAL C'_+F%S

n,; l+ I 'T --- I ,5

C.,[ = %T'.f-FT(.-_.,+'(III))

_rL('l..l} = r.,K(Hklt_.._ .:('I,I))

i_[I_f i ,12) = ".4J: (.." IC..'_u (P_,I ) ) ,i_.Ci,.7I

lo] HILl!,3) : -C(,._(hEl'_,alVi().:i,I))4l'Ci_i]

C:, = C:_,(_+)

%, = _l_+(,-.,)

CT : C+;_(FI)

'4T = _I"+(F T)

¢u;_ I:) _F-t i :> _.,.F_'T¢,:-,(IAFTE_ :l_'uAl_, C(')/p' TF C' ,+,AI_]S ,_l',tOITS PARTIALS

C

1_" "r. = "1.

r,ST = n

qrJv'] = _1,<,(;',-_] )

C {'-rJ ] : C )q(':'])

C¢_P : C _q(; o.d}

C_-W'_ '= r';,<(_,.-+_l)

Sc-(l.i) = ,"7+:-_-li.Ci,-_F) . TE,-_,..,*%_--pl

CF- f i , -") = ("_:,-" '_'-_i_ ] + T6 ,_oII'C_-Pl

E'i-.(l . .l) = .<FI-_._Ci-P)

$I- (p.,i) = -:'F_:P*%tPl

,7";- (P,, ') = ,,']_--.--'_ :h'2 F_+'-l

"TF+(), 4) : -,_i"D_

+;r (-_,;) = "++,u3*_/wl + Tt +o*:-,F,-,I

:c('l,-_) = qF-,_3*'qE_l TE #'li'CFpl
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00047_

00n477

OOh_:_l

O00_'_P

000_!'7

OON_ 1

oon _,_

000_27

O0O_,3n
000_'_'_

oonc,3_

000_'_

O0OS,_n

0005_'_
000_,_

0N0¢-¢ _

0006¢'_

000_,1 r,

00N6]4

000_.1

oon_q
OOe_a

000_

O00b_7

oon_

OOO_

O00a_

000_

O00_an

OOn_4

OOn_

OON_7_

000_7_

O00F7_

00_77

OON?_n

00N71 _

000711

OOn7]_

uPER _,T

IJ_EP !,T

PrEP _sP

: _C_- (1,2)

= CE(I.I)

-- -C<(3,1)

= C_(I,T}

= ('-L(;;, [ ) *qEP_

= -C{(_.I)*CEPl

= -'q_,-'?'.t'CE_:_ 1

= C_oQ

_I_'LTK = C - C[_IC!_-

_)I_LT ,(= F,,,X_ . r:,.ix/Cl'p

{IFLT"/= F.',/P - !.:._I/CI_

;)_-L TF "{= (_--_)'4 _ f'._' _I) @ _*'T'l)

, .'IT _ In,! 11 I)_LTA,I)ELTC,OELTMX,

2r_CLT '", .C_EI It.7. _ELTK.W_FLTCl ,O_LTE2_OI£-t 'r_"_

1l P_,_...,.I 'I_DE.LIAS,II_X,?_ A,I. 0x,_H C,

n,, I'C" T=I -I_

..:;IT _ (o,I)

1 _:',;-."_'.1 (/III,',,_._'rI'-_F,12X,'_"I(J:,_X,]?X,3;J,_Y.]?K,_(J.,_7,!?X,3wP$1.12W.

C pr--,-r._(,o_- Fn_.. _-,!I_L Cu,+nllIo,_S. C;ET UP _-n(_ F Ll_Si" CALL I11 0_" IR{II_TINE

1_ ucAP {ITAPF) Ti, %,I_I_T,ALF_I)I=L_TIMA,/TPtT)_I=I,_I_WMAG

ITr_7 = TT,',',
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1012hA _q_(I) = F-:'_(I,I)e_I',_(I) ,,.E_,_a(I,_)*RI4('>}

_01_14 ?4 P(_T(1) = PEF(I,I)*81_(1) ÷ RET(I,2)*_I_(?)
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• 6n2(_Th '}1 C,,AT_J,_) = 0,

O0_ln? F_,_ 7P _ :1,?
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] r'_ "_) * _rT(_,.I)_'_)t 37 }

" 002]41 C'._AT_( 3oi : C;IAT__( "_tl + C._.IAT](],K_'(PES(_,,_I)eL)( 4S *PErI(K,I
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_& _¢c_; T +,i T F]',F_:

P_ C:_EI = r ,q_'nFL)
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000634

0o0_47
00064_
9006_5
000647
0oo64_
000651
000659
00065_
000_63
000667
O007n?
O007_n
00073n
000733
000743
00074K

000747

00075n
00075_
000754

ooo75_
000766
00077_
0O)OO3
O010o_
001006

15

16
17

19

_0

22

C
_3

S_u,4TT (,'J, x') =_4_IT (N,="_-I)*__OHT (FLOATt (_.,-14.1)#JJ)/FLOAT (_.M._))

J J=l

G (._, _1)=r. (_,,.._) ','SHMI T (N.M)

TF (4oi-0,_1) G(JTOI_

GT'(M-1 ,_q) =GT (r"- 1 _'U) _¢HMIT (M-1 ,N)

CqNTIN_IF
T=T_._- T_¢,_r_

IF ('_.En.]) _OTOI_

c,)r,_T [N_
TI ASr=T _,_

r NL '_--"; T ,,: ( HI. e,T157. __9¢;7795 )
Ph O_tG=,q. ,),,)G/_,7,29_7795
CPH=CQ_ ( HI.O_,tC,)

Tl:" (J.F.f,}.h)GOT()20
I___.AI TeA's7].?

CTf_T_La
G_ TQ _I
S TNL :_?=;I_L _e_
Cr)SI _,_=_.-ST_L_

OFNf_;OUT (f_EN_)

CT:SINI A/SQqT(FAC_Cu_I_A2.SINLA_)

R=Sr_qT(ALTe(ALT_,2.#OFN) #(4##-A4A4eSIN! a?) 1OEN_)

ST=SC'_T (] ,-CTe_)
NMA X:" I _.Q (i_MY 9 i aA Xi_l )

CALL FI;Ln
Y=@D

)'¢" (,J) ??,P__,2_
X=-RT

_=-_,

TOAt,,_4FI_,,4_ FT6LO TO GE'_OUETIC OIRECTI,_N_
_TNO=SI,41.A_ST-S'_.)RT (CnSLAP) _CT

X=-_ l *C r_'-3n-_ _*__" I ,qO

PcTIJ_.'n!
E".F)

9_

94
9_
9_

97
9P
99

1oo
lol.

IO_

In_

I07

log
lln
111

II_
II_

116
I17
lln
llq
IP.n
IP_l
I??
I?.'_
I?_4
l_q
l?_f,
IP7
I_R

13n
131

13_1
134
]35
13¢-,
137

13g
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O000a_
O000no

0000o_

O000n_

000004

00000_

OOOOq7

0000]_

000011

O00n_

0000_

O0001_

00007_

O000_
O000_r

0000_

0000_

O000_n

O000_'r

00007_

00007_

00007"_

00007_

00007_

00007_

O001_,c,

O00lnl

00010_

0001_I

0001_

O00lPo

00013_

0001_,_

0001_

O00]_n

00017c

O0020a

O002fl_

O00_l_

O0072P

O00P31

0002_

000_41

00025_

000_1

1

?

5

6,

7

o

11

I?

17

lq

P..I

?3

_c_

3n

31

3?

_3

3_

3_

371

3a

3F_I

39

_':)I

41
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,_O00n_
0001)
0001;

OOal_
0002_

000_
000_7

"00_3_

'0003?
0005_
0005_

T _--?*_¢_; ..'÷I
t_;.--T'_.{T ,/] _/, _,th'# I il') t! :'_-4_7

_-_I_

l,-:I--( t /I n4_c_7)#1';_,_}7

;;p--,,/ n<, _'&7.

I: !L,'
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}O00q

)000_

}O00q

}0003

}O00q

)000_

I000_

iO00_

I000_

_000_

10007
,O01n

,002_

o04n

OOS_

0074

011_

013n

014_

0153

017n

0206

0224

024P

0_4_

02#7

025_

025_

0_2

026_

0301

0301
030A

0311

031_

0323

03_7

0330

033]

033_
0336

03R7

0340

0347

03S_

035_

036_

036_

036v

0371

037?

037_

0400

040]

0404

_40_

3414

] c '_._r, T (11_,,a_]_o?/t_15,7))

l _ = 1

T 0 = -!

',_(_ll "'T _ ",

_A;_ r ,, _l 1' _,'_ ?,I, TO_.('%_(T),I'=I*? s',)

" '[ rf'- t'_,,_ ) TC,. ( _"(T_ • [=1 ,_-_)

Irl :-'::_'_T ,,,T T_', "7,?, (AAtT,_][C),_T--1,,_-)

IV r,-'_*(_.lC) .r_;.l-I) c,_ T_ 1.;)1

:, ,]ri'- r",._) r_._(J,TC_,_O=I+_ 1

..... [ r;" ('_,_) _.._( i, {C_ o.j=Tql_)

.... TT i- r _""f " ) r _ (,I, !C) o J=l , 1_)

Tr,, (l.-Ii_-. z_._'_,,..,.al. J

:h., _)'I] i,l_,l. ":1'_ I 7_

_,_el. A.._(TJI*I " ..IC)= r'.

C4q T[I ,4% ,

_Llr;_ C" "iT 1 ; II-

1] T,_ fi_.._{'l ,Tr')_TT .1 . _.) ];_]a,,_'ll+

1? TT'T = _ ,fl_TC)

Tc = Tr ,4, l

{q:= T r! 1 "

1", T Ci = 1

_._ T_r,-'T : _ ,rl.rC)

"rC = T< -

T," : T(

.... 'TT _" t'-_, I ) t _'

17 T_- {TO - '_._:-,r'-r') _' T) _,3_,,,'1_

1,r-,, h" ]_-* T-!oTr'

" .(T) = ,,_11'_.! )

T:="O : 1 '_!_l t

_) , ?'! T--'_ ,TO

I _. fr',:+lr_-rr ,_,:,) I-,,,;;,,,7'r1

19 Tc''o = ,. iT)
T. = T

_,, _,_ T = T,', I

:1_ t ¢ ( _:_ (,'.. T _'l __ - ( :__ T ) _ 4 n _, _, 4;i
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_423

.}42_

)43n

)43K

)43_

)437

)441

.)44"_

)444

)45_
)46_
)47_

_47_

_5n7
3524

)56__
}564

}56_
)57_
)577

_6on
)614

163_
|644

)65_

_65_

"_ I,'.(T) = /

[ <' _-- :'_

T_ (T,_(T)) 9_,,>.,>3

F_,, ?1 ,t = 1,17

?_ C,",,',_ T I _,_ i¢

I_ (IP.:, '_:.3_',.C':d, i) ,,"_IT_ (g,'-.)

.....• ITE (._,'_) /a_,(d,!.)o.l=|,& )

.-'_.I.[E ((-_,[A) f_-t(..l, !),.I--7,1_)

l_,. %-IT6 (ITS) IA--_(,J.f},.):l,,!._)
TC=TC + |

c)_ .'-:_TTE ('4+?) (_,-"(-._,I),3=I,_ )

,,_."_ [ T'- (c_,R) (_'_ (J, l) ,J-'7,1_)

E.I-) l--Ill,c IT_

IP
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000004

0000_
00000_

O0000_
0000}_

0000)1

00001_

00001_

_00014

)00o1_

)00O17

)O00P_

)00o3_
_0003_

O00o_n
000o4_

O00Or, O

o00n_
O00Oq4

O00O_

000o7_

00007_

000o77

o0ot1_
000)1_

000)I_

000117

o0n]_

00o)_P

00oI_

0oo_+

ooni_l

ooo1_

OOnl_
00n]_

00017_

0oo17=
O00_q

OONPl_

O00Pl_

000217

O00VP_

00_>_

00n23_

00_?_

O0_P_

00_2_

OOn?_l

00n2_P

i.l;.F..cI.w ' _.'r:-tlGl_),oflS,16),_Ftl&) .<i',(._),_S(15,16),_'ROr_(l%}

I ,-_F (IC,)

_"_(I ) =

i':,h (/_)=.'

Kq(6)=-

I0 :Y_ p,, l : I,IR

1., PC) J : 1 , 1 F,

2(i _q I,J) : _ll{,d

,'_ _'._e f = 1,1 ¢"

_ T) = _F(T)

K : -<i+(f)

P¢(I.) = Pf'(l *11

z_'_ _'P*(.J,I ) : ':',q/,l,L+l)
Q'" 12 _> I = K,_I

li") l/q ,I _--- I ,m_

1pf) P_(L,J) = _'r.+t-+) +._)

C_i.I. c._l'<ldO fI:_OL,I:)CnL_ _I +:_CVRiPG,I<,Kwt_,i?F[)

Tit, 7_ f : 1 ,:if

p:.,r't!_f f) : !l.

r_<_ 77" .) : _'• '_'t

72 pc_()r,ll) = _P<d_(1) • PG(JI_)oPSf)',J)

I'_ _ql!_"Pl : PF4(Ii'-'7) *PF(1)

_tl ,1 _,) : _C.().,,,12)

P t.P,1 _) : i.-'_ ( ,_ ,_ '42 )

Pt3,i_) : PP, f3.i'42)

.u't _oI_ = P_ 7,,"?)

C'/lr,.1 _, -- PG Q_"'_)

nfll,l_) = l-,_(lii,,cT)

_tlP,_I5) : Ps(l],"_P)

-_(I"4,1 _) : Pq(12,'47_)

,_, t 1 q, 1 r-,) : n

i_'J'_L = Tq(_)l ÷ I lj£01-

To" (TS,_r_L.P) 11,;,tl_,lln

!In ,,.[TF (_,A) l_lTIL,li)'_L ,I)_-T

oNq_7_

OnnpT_
00n27_

"; T" _."

) I_ _; r _ _,",

_-n -_ _='1 I li-)i
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A PPENDIX K

A METHOD FOR DETERMINING THE OFF-SET ANGLE e3

It was stated in the test that it is difficult, during simulations, to distinguish

between the initial condition 0 and the off-set angle e3. The reason for this
is that the two partials o

_-I _H

-_-o' _¢3

Thus, the matrixare nearly equal at observation instants.

0H
G - (KI)

_y

has two columns which are approximately equal. This causes difficulties on
the computer, because of finite word length, although it may be possible to
determine both 0 and

o ¢3"

The method considered here replaces _I-I with the difference between the

_¢3

two columns. Thus, the resultant columns are well distinguished, although
one of them may be close to the zero vector (it is possible for the column to

be the zero vector. In this case, e3 may be set to zero, for it is unim-

portant so far as the solution is concerned:)

For convenience, the differential equations are rewritten in the form

x = f (x, 0, a) (K2)

= g (x, 0)

where the vector x has components (_x" _)y' t°z' _' ¢_' and 0 is the usual

pitch angle. The parameter vector a is unimportant here, but is included for
completeness.

The constraint equation in the test has the form

A 1 (/3, _) C (¢1' e2' e3 ) E(_, ¢,0) S(_,6) = 0. (K3)
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The problem occurs when c I = _2 = 0, for then @ and e3 are additive rotations.

The additivity is emphasized here by redefining the order of rotations for the

ctS as

c3 about the body y axis

e2 about the new x axis

e1 about the new z axis

Then (K3) may be redefined as

AI(_, 7) D(¢ 1, ¢2 ) E(_, ¢, _) S (_, 5) = 0

where the new angle is defined

(K4)

= O + ¢3" (K5)

lV[atrix D takes the place of C, and E has the same form as before, except

that argument 0 is replaced by 0 + e3.

The form of the solution of (K2) is

x =x(t, x o,0 o,a) , x(0) =x °

0 = O(t, x o,o o,a) , 0(0) = 0 o.

(K6)

Then the partial derivatives of interest for (K4) are

=A D[_-_ E _ + _E _¢ + bE be

BOo 1 L_ _ _0° _¢ bO o _ bO o

bH = AID 5E S.

_3 _

During simulations, it was found that

that-_@e ° was approximately unity.

S

(K7)

and _- were close to zero, and
O o

Thus, (K7} and (K8) are nearly equal.
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Now suppose that (K5) is inserted into (K2) to change variables from 0 to
Then the differential equations are changed to

x = f(x, _-¢3, a) [ (K9)

|

= g(x, _-¢3' a)

and the solutions have the form

x = x(t, Xo, go - ¢3' a)

= 0(t, x o, _o - ¢3' a) + ¢3"

(KI0)

Comparison of (K6) and (K10) shows that

hx = 5x 50 : 5_

_x o 5x o _x o 5x o

5x = _x _0 = 5_

_o 500 500 5_o

(KI])

Thus, the variational equations for both systems are the same, and yield the
However, from (KI0-KII), one finds

_x _ 5x _x

a¢3 _o _o

same solutions.

= 1- 50 = 1-bff

_3 50o _%

From (Kll-K12)• it then follows that

(I<13)

= :'\ l ) S -
1

ae 3 5_ 5_ o
(I<t4)
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Equation(K13) is the same as (K7}, so the changeof variable does not affect
that column of matrix G. However, comparison of (K8} and (K14} shows that
(K14) is the difference between(K7} and (K8). Thus, the new G matrix has a
difference column. The partials on the right-hand side of (K12} come from
treating e3 as a parameter in the differential equations, whereas the one in
the last of (K12) corresponds to the original changeat the observation point.

If (K14) is very small over the time interval of interest, then ¢ 3 cannot be

determined. In this case it is set to zero, and a reduced dimensional problem
is solved.

From a numerical standpoint, it is not good to work with the difference be-
tween two numbers that are close together. Thus, it is advisable to integrate
the variational equations to obtain (K12}, rather than to use the solutions (K1 1}
in equation (K12). The variational equations have the form

d _x = _f _x + _f [_ -I l , _ (0) = 0

dt _¢3 _x _e 3 _0 b _¢3 J _¢3
(K15)

d _ = 5g _x + _g[_ -i], _- (0) = O.

dt 5¢ 3 _x _¢ _0 L_¢3 J _¢3

Since _--_ is generally small, the bracketted term in (K15} is well defined,

_e 3

so the solutions should be well behaved.
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APPENDIX L

EFFECT OF INSTRUMENT ERRORS -
TORQUE-FREE CASE

Suppose that stars may be observed in the time interval 0 _t > 1419 seconds

and only the sun is observed in the time interval 1419 _ t _ 4731 seconds.

Observations of this type are expected, for it may not be possible to observe
the stars if sunlight impinges on the spacecraft.

Utilize the notation as defined in reference 7, and investigate the effect of
errors in the transit times. The following assumptions are made.

I. The body is torque-free.

2. 0 = 5° (cone angle)

¢o-- _o 0 - e I =_ ¢2

= -8. 9487°/second (spin rate)

= 26. 8462°/second (precision rate)

_ = _ = 68 °

r = i = 97.38 °

The rates }_ and ¢ were derived by assuming a spacecraft whose moments

of inertia are given by A = B = 40 slugft 2, C = 60 slug ft 2, and whose
nominal spin period is 20 seconds.

. Three crossed slits of the form_are utilized when observing star
transits. The parameters which define these slits are given by

_1 = 20.3 ° = -_'3

E1 = 27.5 ° = -/33

k 2 = /32 = 0

The definition of the angles ,¢ and ,B are given on page 11 of reference 7.
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4. The sun is assumed to be a point target, and two slits of the formV
are utilized when observing sun transits. The parameters which

specify these slits are defined by

Y4 = "_5 = 0

/34 = -/35 = I0°

5. During the time interval over which stars are observable, 0 _<t _<
1419 seconds, only stars within 110 ° of the spacecraft's instan-
taneous zenith can be utilized. Moreover, only stars of visual
magnitude 2.5 and brighter are utilized. The instrument stellar
field of view is chosen as 20 ° .

o For both the sun and stars, data is gathered over three consecutive

scans and then no data is gathered on the next seven consecutive
scans. This pattern is repeated.

7. The distributions of each time measurement are independent. The
mean of each distribution is the true value, and the second moments

exist. Moreover, _(5 t i) = 0.155 x 10 -3 second. Also, the input

errors are small enough so that each output error is a linear
combination of the input errors.

81 All data is reduced by a least-squares method. Stellar and sun

transits are weighted equally.

Of allthe above assumptions, (1) is the most severe. In the presence of
torques, it may not be possible to utilize data gathered over a long time
duration. Thus, the numerical results obtained by use of the above assump-
tions can only be considered as a lower bound to the accuracy of the system.
Nevertheless, it is important to obtain some knowledge of the accuracy of
the system for the case when only the sun is observable for long time
intervals.

Because of (8), it is possible to write

5 X = A 5t

where

5X is a 7 x I matrix such that

8 X T = (50, 8_ o, 59, 5¢ o, 85, 8_, 5v),
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A = 7 x n matrix, where n is the number of observations,

5t = n x 1 matrix whose elements are the transit time errors.

Thus, the covariance matrix of the random variable, 5X, is given by

E(6-XS"X T) = A E (St _'t T) A T =a2(St) A A T

In the time interval over which stars were observed, 376 stellar

transits of eight stars were obtained. Note that the cone angle of 0 =5 °
has the effect of increasing the effective field of view. However, not all
stars were observed on every scan. Ninety-nine sun transits were obtained.

With these assumptions, we compute the standard deviation of the
seven unknowns with and without use of the sun transits; the results are
shown in Table L1.

TABLE LI. -- STANDARD DEVIATION OF UNKNOWNS (ANGLES

MEASURED IN SECTIONS OF ARC, AND TIME IN
SECONDS. )

With sun Without sun

g(8 0) 3.59 3.65

_(5¢o ) 53.57 80.32

_(6_ 0. 0260 0. 107

a(5_ o) 52.99 79.22

o_5_ 0. 0262 0. 104

_5_) 3.82 4.03

c{5_) 4.01 4.18

Note that the sun observations have improved all the unknowns, but the

largest improvement is in the rates.
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The quantities shown in Table L1 are not those of primary interest.
^

interest are the errors in the declination of the i6 axis.

from near the North Pole to near the South Pole.

Now, one may write

where

m

5a = B 8X

Of more

This axis passes

^

6a = error in the declination of the i6 axis

B = a 1 x 7 matrix where elements are functions of t.

Hence,

_2(8a) = B E (SX 5X T) B T

Results are plotted in Figure L1 for two ten-second time intervals. The first

time interval is immediately after losing the stars, the second immediately

after losing the sun. The effect of the sun observation is also shown in

Figure El.

Because assumption (7) was utilized in obtaining Table L1 and Figure LI, the

nonlinear effects of the problem were assumed to be negligible. These

additional effects were investigated by a Monte Carlo technique. To the true

times, errors were added which were generated by randomly choosing a
number from a gaussian distribution whose mean is zero and whose standard
deviation is 0. 155 x 10 -3.

If only star transits are utilized, the results are

50 = 0.148 second

O@o= 1.775 seconds

0n = 0.0072 second/second

5_o= -i.710 seconds

8_ : 0.0110 second/second

5_ = 0.587 second

5_ = 0. 850 second

A

These results then imply an error in the declination of i 6

shown in Figure LI.

similar to those
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In summary, it has been shown that if star transits are observed followed by
a period with only sun transits, then the torque-free model does produce
errors within the allowed ranges. However, these errors must be considered
only as a lower bound of the true errors.
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IF_

0001

00_2
0003

O00a

0005

0006
0007

OOlO

00_I

0017

0013

U014

0015

00!5

0017

0020

00_I

9022

0023
0024

00_5

0026

0077

UO_O

00_I

0032

U033

U034

0035

U036

O037

U040

YO_l

Uoa2

U043

U044

u045

0046

0047

u050

U052

U053

U054

0055

U056

0057

0060

00_I

00_2

0063

0064

00_5

0066

0067

0070

0071

0072
0073

0074

0075

0076

0077

a,)IJ_irH l_J $_'i_CE >_OGeA '4 tlSvlNb

ErN Dq_GqAwI SI_MwK J33_ WDMR_$TI-{cKA_T

DIMENSION DG(I}.I6}*o{15,1_),PF(15) ,_Oi6},_(15,16),PQOD(I_)

l,°E(l_)

R_AO (5,4) Pi_E

4 fORMAT (4E20,12)

WRITE (9,40) PE,P

_0 FORMAT (B_15.7/TEl_.7/l(_FlS.Tllr!5.1))

1_ _AO (5,2} MitM_,KBJB,v_

CnRMAT (915)

I_ {MI) 99,9q,19

no _0 J = 1,16

20 PG(I,J) = P|IsJ}

WRITE (9,_} MIIM_iKSUO,K_

D_ 5gg I = 1,15

PF(I) =PE(I)

5qg PG(I,MZ} = PG(I,16i

IF (K_UB} I_,_.50

50 On 4_ I = I.KSUM

44 DO 43 L=K,MI

PF(L} m PF(L*I}

Dn 43 J = 1.M2

43 oG(J,L) = P_(J_t_|l

DO 120 t z K,MI

DO 1_0 J • I,MZ
I_0 PG(L,J) = PG(L+I.J)

_2 CONTINiJE

MI • M1 - KSUB

M2 = M2 - 15110

4_ NCVR = -M2

O0 52 I = 1,15

DO 52 d = 1,16

52 PS(I,J} = PG(I,J)

CALL SHINAO.(I$OL,IJ$)L,_I,,_CV_.Or;,I},KWA,O_)

DO 77 1 = I,MI

PRO_(I} = O.

DO 72 J = I,MI

72 e_OD(l) = PROD(I} + P_IJ,N?ieP_(I,,i)

00 134 I = I,MI

134 PG(I,M2} = P&(I,M2} *PF(Ii

ISDOL = ISOL + IOSnl.

I r (I$DOL-_) II0,112,_I0

II0 W=ITE (9,6} ISOL.Inso_._=T

A FORMAT (16H ERROR I_ _wIIVR, 214,Flb,_)

GO TO 60

11_ WRITr (giR) (PG(I,,4_i,I=t,lS)

FORMAT ( 1/54 DT =,2X,lO[ll._/TXiSrll.4)

WRITE (9,4} DET

WRITE (g,74) (PStI.M2),pRO_(II,IzliMI)

74 _ORMA7 (SWCHEC_/(6ClS.4))

0_ 54 I = 1,15

DO 54 J • 1,16

54 IGII..I) = PS(It.I}
60 CALL CJM (15,MI.15,P_,IEIR}

{_LL RANK (15.MI,tO,IIANI,DET,PII
WRITE (9.70) IRANKtOET

70 FORMAT (6H_ANK = ,I_,_F_ z ,{Ib.8)

IF (IERR) 56,5R,56

5_ WRITE (9,40} P5

GO TO 18

5_ WRITE (gi40) (PS(I,I},l=l,_'I )

G n To I_

99 STOP II

END

HI)_Pr $Tl



IF_

0001

0902

0003

O00a

0005

0006

003?

0010

0011

00!2

gO13

001_

0015

uN16

0017

0080

00_I

00_2

0023

002_

0085

002_

00_?

UO_O

0031

0032

00_3

0034

0035
0035

003T

0040

UOal

uOa2

U043

u044

0045

uoA5

90_T

gO50

u051

00_2

U053

0054

U055

u056

o051

0060

0061

0062

0063

EF'_

2O

51

77

I

3

4

_3

27

5

30

31

_2

6

?

33

3a

35

PROGRA_I P,R,TGq*

sHBRouTI_E RANK(NNK,4,1RK,IRANK,_CT,$)

D!4E_SION S{NNK,N_k}

B:X,/,6q_I471806

14:0

J_::)

NHI:N-I
DO I I:I,N

90 I J:l, _I

Tr(S(I,J))21,20,_1

JRE=O

GOTO 2?

JRE:_*ALOG(A_$F(SII,J_)

KPE=j:E-ImF

ERR(I,J):2,**KRE

DO 100 K:I,NMI

Jm:,l_*l

KK:IB

LL:JB

DO 4 I:[H,N

DO 4 .I=JB,N

IF(BIG-A_SP(S(I,J)))3,a,a

KK=I

LL:J

BIG:ABSF($(I,J))

CONTINUE

Ir(_IG)22,_3,22

IPANK:O

D_T:O

RETURN

IF(LL-J_CS,?,5

IF(I5)30,_],30

I$:0

GOTO 32

I_=l

De 6 I:I,N

SI(1):S(I,JB}

S_(1)=ERR(I,JB)

S(I,Jm):_(I,LL)

ERR(I,JB_:ERR(I,LL)

$(I,LL):_I(1)

E_R(I,LL)=$2(1)

I_(KK-I_)_,IO,8

IF([5}33,34,33

GqTO 35

1_:1

00 g J:t,4

LISTI_5 _D_OFSTI
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IFq

0064

0065

0066

0067
0010

0071

0072

0073
0074

0075

0076

0077
0100

0101

0102

0103

0104
0105

0106

0107
o110

Ulll

Ull?
0113

0114

0115
9116

0117

01_0

01_I

01_2

0123

0124
01_5

Ol)_

0127

0130

0131
0132

0133

0134
0135

0136

U137

aUTJ_AT_ 18n_ $Ou_C[ P_3_RA_

EFN PROGRAM | R_'K J3_:

Sl(J)mS(I_,J)
S2(J)=ERR(I_,J)

$(IB,J}=$(KK,J)

ERR(IB,J)m_RR(KK,J}
$(K_=J)=$|(J)

q E=R(_K,J)=$E[J)
I0 tl=l_*l

JI=JB+I
K£ND=O
Dn II I=II,N

nO 11 ,I=J],N

ZI=ABSF(S(IB,IB})

E2=A_SF(ERR(I,J)o$(I_,IB))

E3=2._(AB_F(£RR(18,1&_$(I,J}))

£5=AB_F(ERR[IB,.I)e$(I, IB)]
E6mARsF(ERR(I,JB)e_(Id,J) !
ET=A3$F(ERP(IB,J)O£_=(v.J_9)

£q=ElOCEI*JBSF(ERR(IB,YB)))
$(l,J)=$(!,J)-($(],JB)/$(IB,lB)le_(I_,J)
Ir(S(I.J))25,24.29

24 J_E=O
GOTO 26

_5 JRE=BoALOG(ABSF($(I,J))]
_6 K_=J_E-IRF

E_R(I,J)=(EIe(E2+E_*E4+E_*E6*ET)+E_)I(Eg]+_._RE

Ir(ABSF($(I,JI).ERR(I, I))11,11,I?

12 K_ND=I

11 CONTI_UE

DP 13 I=It,N
I_ _(I,JB)=O.O

IF(KENO)IO0,14,100
14 I_4N_=I_

RETURN

I00 CONTINU£

IRANKmN

D£T=I,O

DO 15 I=I,N

15 OET=nEToS(I,l)
IF(I$136,3_,36

36 DFT=.DET
37 R_TURN

END

LISTI_3

HDMPCSII-ECKART

!4DMPE$TI

355



0001

0002

0003

0004

go05

0006

0007

0010

0011

U012

0013

0014

_)015

O016

0017

OORO

00p1

OOp2

0023

0024

0025

0O26

0027

0030

U031
u032

0033

0034

0035

U036

U037

0040

UO_I

u0_2

O043

U044

Yo45

U046

0047

0050

00_I

O0_?

uOs3
0054

0055

0056

uOs7

0060

0061

0062

0063

006_

0065

_066

0067

0070

0071

0072

0073

0074

AHTO_ATH 1800

EFN PROGRAMI PRnGn"

SUBROUTINE cJM(NN,N,X_.P,IERR)

C %01VES FoR TwE EIGEN vALue5 oF _ RZnL

DIHEN_ION P(NN_NN)

NMI:N.I

IERR = 0

[CNT = 0

_50 _ !00 I=loqM1

IPI=I÷I

DO 100 J=IPI,N

IF(o(!,J))80,103,_l

_n IS=l

GO TO 82

81 I_=2

_2 DOE=_(I,I)-P(J,J)

IF(DoE)Sa,83.84

_3 GOT0(60,65),I$

84 Au. So(ATAN(_,oPiI,J)/_oE))

Ir(A_$(A)-.TB539Bl&)_J,9_70

70 Ir(A)60,60,65

60 A=-.7_}]9B16

GOTO 90

65 A=+,7S_3g_16

90 CA=COS(A)

SAmSIN(A)

S2A_SIN(2.oA)

PII= P(I,I)_CA_CA+D(I,I)_S?A+P(J,J)osA_SA

P(I,I}=Pll

P(J,J)=PJJ

DO 7 L=I,N

I_(L-I)A,?,4

4 IF(L,J)6,5,6

5 P(I,L}=O.

P(L,I)=O.

GOTo 7

6 RI=P(I,L)_CA+P(JtL)_sA

RJmPIJ,L)_CA-R(I,L)_SA

P(I,L)=RI

P(J,L)=RJ

2(L,I)=RI

P(L_J)=RJ

? CONTIRUE

1_0 CONTINUE

5_O_P(N_N)_PIN_N)

SSOO=O,

Dn 9 K=I,L;"I

SS_=ssO_P(K,_)_P(K,K)

_0 9 L=KP1,N

I_(A_S(o(K.L))-I.E-3c)I_,I_,11

10 P(K,L)=O,

P(t,K)=O,

GOTO g

II 5SO_=SSOO+2'_P(K,L)*PI_.L )

C_NTINUE
IF(ssoD/ssB°(I./(Io._KKI))25,25,40

40 ICNT = ICNT ÷ I

IF (ICNT.IO) 150,150,_

4_ IERR = -7

25 RETURN

END

30t!RCE ?,)nGRA 'a LI5TIArj kD_'pr STI

J]'_: 4U,_prSTI-ECKAR T

5Y_TQIC _ATRIX _Y T_E JAC_I METUOn

356



IF_

0001

0002
0003
0004
0005
O00b

0007

0010
0011

0012

0013

0014

0015

0016
O017

00_0

00_I
0O22

0073

0024
0025
0026

0027

0030

0031

00_2

0033
0034

0035
0036

0037
0040

9o41

Vo42
uo43

YO44

u045

00_6
0047

00_0
0051

0052

0053

0054
0055
yO56

0057

0060

u061

006Z
0063

&UTJ_&TH |_O0 _qUR_Z nR_GRA_

PROGRAM| p_<q_ J_t

SUBR3UTIN_ $HINAD(ISO_$In$OLtNRo_C_A,Mq_oKw_OET)

DIHZ_SI_N A(1),KWA(1)

IR=NR

lqOL =I

IDSOL=!
CALLDVCHK(IVF)

C_LL _V(RrL(IVF|

IF(NR) 61t61,II

II IF (IR°MRA) 12_12t61
17 IC=IAqS(NC)

IFIIc-IR) 13,1{,14
13 IC=IR

14 IqMP=I
J_HP=HR4
KRHP=J_HP+IBMP

N{S=IROJBMP

NET=ICOJBMP
Ir(NC) Iq,61_16

I_IC=IR-I¢

GO To 17

16 M_IV=I

17 _AD =_OlV

M_ERm!
KSER=IR

_7 =I

D_T=I,O

IB PIVuO,O

I=MSER
19 IF(I*KSER) 20,)0,_3

?0 I_(4BS(t(1))-PIV)2_,Z_,21

21 PIV=4BS(A(I))

I}=I
22 I=I*IBMP

GO TO 19

23 IF(PlV) _,62_2_

24 IF(NC) 26_25,25
25 I=IP-((IP-I)/J_MP)_,J34_

,J=MSED-((MSER-I)/J_;do}_,J_
JJ=MsER/KBMP+|
IIzJJ+(IP-MS(R)

KWA(JJ)=II

Gn TO Z7
26 l=IP

JzMSER
_7 IF(IP.HSER) 61_315?d

_ IF(J-NET) 29529,30
_9 PSTO=_(I)

A(IIuA(J)
A(J)=P$TO

LISTIqG

WO_pESTIo¢CK4RT

HO'i_ST|

o01
0o?

003

OO4

009
010

011

OIP.

013

014

015
01_

017
01_

o19
020

o21

022

023
024

o2'_
026

027

02_

031
03?
033
O34
O35
03_,
037

039

O40
041

042
043
044

O45

046
047

04_

049
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O064

OOA5

0066

OOh7

O070

9071

0377

0073

O074

007_

0076

0077

0|00

0101

010_

0103

0104

0105

3105

0107

0110

Ulll

Jl12
o113

0114

_i15

0115

0117

01_0

0171

01_3

0123

0124

01_5

0126

01_7

UI30

UI31

Ul_2

U133

U134

Ul_5

013_

U137

uIaO

0141

Ul_3

Y14_

Ul_5

Jl_6

EFN PRO3Ra_= 51I_3

J=J+JBMP

_0 TO 2_

30 DET=.DET

31 P$TO=A(MSER)

WRITE (g,IO0) PSTO, l a

100 FQ_I$7 (E16.8,15)

I)ET=DET""STO

CALL oVERFL(IVF}

GO 70 (34,33),IVF

33 GO TO 35

34 1959L = 2

35 _STO=l,O/PSTt

CaLL_VCHK(IVF)

3_ 73 ($O0,6CI),IVR

600 IDS_L = l

ISOL =2

GO 70 65

6_I CONTINUE

A(M_E_)=I,O

I=MDIV

38 IF(I=NE7} 37t37o]q
37 A(1)=&(1)oPST9

I=I+3_MP

GO TO 36

39 Ir(H/-KSER) 40,40,_5

_0 IF('_Z-MSEQ) 41,44}41

41 I=M_

J=MOIV

PSTO=4(M/)

Ir(,STO} 142,44,14_

142 _(MLI=O.O

42 IF(J-NET) 43,43_4

43 a(l)=_(I).A(j)"psTq
J=,l_J_M_

I=I*JqM_

GO TO _?

44 HAD=qaD*I_MP

q_ 70 3g

45 CALL OVERrL(IVF)

GO TO (63,145),IV F

145 K_ER=_SEq+JBM;

IF(K_R-:_ES) _6.46,53

46 MSER=MSER*KBMP

Ir(NC) 4B,47,47
aT M_IV='_DIV+IB_P

M_D:I

GO 70 5_
_ '4_IV:MDIV+KBM_

Ir(lqIC} _n,49,50

IB2_ 30'JRCE LISTING

HDMPFSTI-:CKART

HDW_rSTI

050

051

05_

053

O54

05S

059

060

061

967.

u61

064

065

06&

067

068

069

070

071

077.

073

974

076

077

07_

07_

081

0_

O53

Os4

OBB

OB6

087

08_

O90
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I F 4

0147

0150

UlSl

Olsz

0153

015_

015_

0156

0157

Ol_O

0161

0162

0163

01_5

0166

0167

0170

0171

0172

0173

017A

0175

0176

0177

0200

0201

0202

0Z03

020_

0205

EF

AUTJ4AT_

N PROSRAMI S:IINAO

49 MZ=_ISER_IBMP

SO TO 51

50 _7=((MSER-I)IJSMp)mJ_+ 1

51 MAD=MZ+JB_P

5Z GO T9 I_

53 I_(4C) 65,54,54

54 JQ=T_

55 IF(JR) 61,65,56

56 IF(K_A(JR)-J_) 61,60,57

57 K:IJR-I)*Jm_P

J=K+IR

L=(KWA(JR)-I)_JsMP+IR

58 IF(J-K) 61,60,59

5g P_TO:_(L]

A(L]=A(J)

A(J),PS70

J=J-IBMP

L=L.I_4O

$0 TO 5_

60 JRzJR-I

GO TO 55

_I ISOL:3

GO TO 65

62 DZT:O,O

I$0L=2

InSOL:l

Gn TO 65

63 I_OL = 2

IOSOt = 2
6_ R[TUR4

END

l_OJ S)JRCF LIsTI4G

404_£3TI-FCKA_T

4D_PeSTI

091

09?

09_

094

095

097

Og8

09q

lO_J

i01

I0_

I0_

13S

I07

110

111

114

I!7
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